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Sir: 

Pursuant to the provisions of 35 U.S.C. §134 and 37 C.F.R. 41.37, an appeal is taken 
herein from the final rejection dated July 9, 2008, which rejects claims 1, 5, and 7-8 of this 
application. A Notice of Appeal was filed in connection with this application on October 8, 
2008 with provision for the appropriate fee, and thus, this Brief on Appeal is timely filed. 



Also submitted herewith is the fee under 37 C.F.R. §4 1 .20(b)(2), which will be paid 
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I. REAL PARTY IN INTEREST 

The real party in interest is Celgene Corporation, the assignee of record of the above- 
identified application. 

II. RELATED APPEALS AND INTERFERENCES 

Appellants and their legal representatives respectfully submit that they are not aware 
of any appeals, interferences, or judicial proceedings that may be related to, directly affect or 
be directly affected by or have a bearing on the Board's decision in the pending appeal. 

III. STATUS OF CLAIMS 

Claims 1, 5, and 7-8 of this application are under final rejection. 

Claims 2-4 and 6 were previously canceled without prejudice in connection with a 
restriction requirement dated July 7, 2004. 

New claims 7-8 were added in Appellants' amendment dated October 31, 2007. 

Claims 1, 5, and 7-8 are the subject of this appeal. 

IV. STATUS OF AMENDMENTS 

No claim amendments are made in this paper, and thus, no new matter is added. 

A listing of claims, showing the claims on appeal, are presented in the CLAIMS 
APPENDIX of this paper. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The claims pending in this application generally recite methods of reducing elevated 
levels of PDE IV in a mammal, or methods of treating an inflammatory or an autoimmune 
disease in a mammal, which comprise administration of certain chemical compounds. The 
subject matter recited by each of the pending claims is summarized below. 

Claim I recites a method of reducing elevated levels of PDE IV in a mammal, which 
comprises administering thereto an etfective amount of a compound of the following 
formula: 
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'(C„H2n)-R3 



R5 

or an acid addition salt or a substantially chirally pure isomer thereof, wherein the variables 
are defined in the claim. 

Claim 5 recites a method of treating an inflammatory or an autoimmmie disease in a 
mammal, which comprises administering thereto an effective amoimt of a compound recited 
by claim 1 . 

Claim 7 recites a method of reducing elevated levels of PDE IV in a mammal, which 
comprises administering thereto an effective amount of a compound of the formula: 



or an acid addition salt thereof. The compound recited by claim 7 is within the scope of the 
genus recited by claim 1. 

Claim 8 recites a method of treating an inflammatory or an autoimmune disease in a 
mammal, which comprises administering thereto an effective amount of a compound recited 
by claim 7. 

VL GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

The issues presented on appeal are whether the Examiner's rejection of claims 1,5, 
and 7-8 as allegedly not enabled is legally improper in view of In re Brafta, which is uniquely 
related to this case and whether the Examiner erred in rejection the claims under the 
judicially-created doctrine of obviousness-type double patenting over claims 47-70 of U.S. 
Patent Application No. 10/786,822, particularly in view of the controlling case law, e.g., 
Takeda and Eisai. 



O 



O— 




O 
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Specific issues for consideration in this appeal to this Board are: 

A. Whether the Examiner erred in rejecting claims 1 and 7 as allegedly not 
enabled despite the fact that the claims recite methods of reducing an elevated level of PDE 
IV, and test data showing the efficacy of several representative compounds in reducing the 
level of PDE IV were indeed provided during the prosecution; 

• Whether the rejection of claim 1 is improper where the claim recites a 
genus of compounds and PDE IV data for several representative 
compounds encompassed by that genus were provided; 

• Whether the rejection of claim 7 is improper where the claim recites a 
single compound and the data for that single compotmd was provided; 

B. Whether the Examiner erred in rejecting claims 5 and 8 as allegedly not 
enabled despite the fact that the involvement of PDE IV in inflammatory or autoimmune 

diseases was known in the art and provided in the specification, and test data showing the 
efficacy of several representative compounds in reducing PDE IV were submitted during the 
prosecution; 

• Whether the rejection of claim 5 is improper where the claim recites a 
genus of compounds and PDE IV data for several representative 
compounds encompassed by that genus were provided; 

• Whether the rejection of claim 8 is improper where the claim recites a 
single compound and the data for that single compound was provided; and 

C. Whether the Examiner erred in rejecting claims 1,5, and 7-8 under the 
obviousness-type double patenting over claims 47-70 of U.S. Application No. 10/786,822 
("the '822 application")^ In particular, whether the allegation made in connection with this 
rejection that the claims of the '822 application render the current claims "obvious" merely 
based on alleged "structural similarity," despite the fact that the structures recited by the 
claims of the *822 application and the pending claims have completely difference structures 
with regard to position R^, can be sustained. In addition, whether the inhibition of PDE IV, 
TNF a, MMP, or undesired angiogenesis, as recited by claims 47-70 of the *822 application. 



' Appellants respectfully point out that the '822 application issued as U.S. Patent No. 7,345,062, without claims 
47-70. However, a continuation application containing claims 47-70 has been filed from the *822 application, 
and was accorded a serial number 12/009,182. 
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would be patentably indistinct from the treatment of an inflammatory or an autoimmune 
disease, as recited by the pending claims 5 and 8. 

VII. ARGUMENT 

A. Background of the Invention 

Many cellular functions are reported to be mediated by levels of adenosine 3\5*- 
cyclic monophosphate (cAMP). The primary cellular mechanism for the inactivation of 
cAMP is the breakdown of cAMP by a family of isoenzymes referred to as cyclic nucleotide 
phosphodiesterases (PDE). (Specification, page 9, citing Beavo et al.. Trends in Pharm., 1 1 : 
150-155 (1990)). Among the family members of PDE, PDE IV is known to be particularly 
effective in, among others, inhibition of the inflammatory mediator release. (Id.). Thus, 
reducing PDE IV would "constitute valuable therapeutic strategies for the treatment of many 
diseases and disorders, including inflammatory and autoimmune diseases, (Id., pages 9-10). 
The compounds recited by the claims pending in this application are "useful in the inhibition 
of phosphodiesterases, particularly ... PDE IV," and thus, useful "in the treatment of disease 
states mediated thereby." {Id,^ page 9). 

B. Summary of Prosecution History. 

This application was filed on October 14, 2003 as continuation of U.S. Application 
No. 09/708,199, now U.S. Patent No. 6,667,316 ('the '316 patent), and was accorded a serial 
number 10/685,942. As originally filed, this application contained 6 claims, directed 
generally to methods of reducing elevated levels of PDE IV (claim 1), TNFa (claim 2), and 
matrix metalloproteinase (claim 3) and methods of treating disorders associated with PDE IV 
(claim 5), TNFa (claim 4), and matrix metalloproteinase (claim 6). 

In a restriction requirement issued on July 7, 2004, the claims were restricted to one 
of three groups: Group I directed to methods of reducing PDE IV and treating disorders 
associated therewith; Group II directed to methods of reducing TNFa and treating disorders 
associated therewith; and Group III directed to methods of reducing matrix metalloproteinase 
and treating disorders associated therewith. In Appellants' response of September 7, 2004, 
claims in Group I were provisionally selected, and cycIopropyl-N-{2-[l-(3-ethoxy-4- 
methoxyphenyl)-2-(methylsulfonyl)ethyl]-3-oxoisoindoline-4-yl}caboxamide, the compound 
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{albeit with no stereochemical designation) recited by the pending claims 7-8, was elected in 
connection with the species election requirement. 

An Office Action issued on January 10, 2005 by Examiner K. Weddington who no 
longer is the examiner in the current application. In the office action, claims 1 and 5 were 
rejected under the non-statutory obviousness-type double patenting over the *3 16 patent. 
Despite the fact that the claims of the '316 patent recite compounds and compositions, it was 
alleged that the methods of use recited by claims 1 and 5 were patentably indistinct from the 
compounds because the '316 specification "teaches [in] its specification ... that the instant 
compounds inhibit PDE IV, [and] treat inflammatory diseases and/or autoimmune diseases. 
(January 10 OA, page 3). Additionally, claims 1 and 5 were rejected as allegedly not enabled 
based on the Examiner's analysis of the factors set forth in In re Wands, 8 U.S.P.Q.2d 1400 
(Fed. Cir. 1988) (''the Wands factors''). The analysis provided, among others, that the 
"reducing elevated levels of PDE IV" and 'treating an inflammatory or autoimmune disease" 
are "highly unpredictable and unreliable" {Id., p^e 4), and that no working examples are 
provided in the specification. {Id,, page 5). 

Appellants filed a Response on April 1 8, 2005. With regard to the rejection under the 
obviousness-type double patenting, it was pomted out that the rejection is improper because 
the claims in the '316 patent, which recite composition of matter, are patentably distinct from 
claims 1 and 5 of the present application, which recite methods of use. (April 18 Response, 
page 7). Further, it was also pointed out that the Examiner's reliance on the specification of 
the '3 16 patent was legally improper. {Id,). Widi regard to the enablement rejection, it was 
pointed out that: 1) the specification provides sufficient information for those skilled in the 
art to practice the claimed methods; 2) no objective evidence was provided in the office 
action that would render the presumption of enablement doubtfiil; and 3) no undue 
experimentation is necessary for the practice of the claimed methods. {Id,^ pages 8-10). 

A Final Office Action issued on June 29, 2005, in which Appellants' submission 
regarding obviousness-type double patenting was dismissed based on the allegation that "the 
method claims of the present application" is "an obvious variation of the [compounds 
claimed in the '3 16 patent] since the method claims cannot function without the compounds 
of the '316 patent. (June 29 OA, pages 2-3). In addition, the rejection based on the enable 
requirement was maintained based on the allegation that "[a]bsent reasonable a priori 
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expectation of success, one skilled in the art would have to test extensively many conditions 
that may cause elevated PDE levels, many conditions that may cause an inflammatory 
disease, and ... many conditions that may cause an autoimmune disease.*' {Id., page 5). 

Appellants, in their Response dated September 27, 2005, again pointed out that the 
rejection under the obviousness-type double patenting was legally improper because neither 
the specification of the '3 16 patent nor Appellants' own disclosure in the current application 
may be used to form a basis of the rejection. (September 27 Response, page 2). Further, in 
connection with the enablement rejection. Appellants pointed out that compliance with the 
enablement rejection does not turn on whether an example is disclosed. {Id,, page 3). 
Moreover, Appellants provided test results summarizing IC50 values for PDE IV in 
connection with certain exemplary compounds encompassed by the genus recited by claims 1 
and 5, and pointed out that, to the extent that there was any doubt with regard to the 
enablement of the claimed methods, the test results showed that the claimed methods were 
indeed enabled. {Id., pages 4-5). 

In an Advisory Action issued on November 2, 2005, the rejection tmder the 
obviousness-type double patenting was withdrawn, but the rejection based on the enablement 
requirement was maintained. 

Appellants filed a Request for Continued Examination and another Response on 
January 19, 2006. In their Response, Appellants reiterated the fact that the specification 
provides sufficient guidance to those skilled in the art to practice the claimed methods and 
resubmitted the PDE IV inhibition data, which was originally submitted in their previous 
response. (January 19 Response, pages 2-4). In addition, based on the legal principles set 
forth in In re Brana, 5 1 F.3d 1 560 (Fed. Cir. 1995), Appellants pointed out that the fact that 
further research and development are required cannot be the basis for rejecting a claim as not 
enabled because the Brana court recognized the necessity of further research and 
development particularly in connection with pharmaceutical inventions and held that FDA 
approval cannot be a prerequisite for patentability. {Id., pages 4-5). 

In a subsequent Office Action issued on April 24, 2006, the Examiner reinstated the 
rejection under the obviousness-type double patenting providing reasons substantially 
identical to those set forth in previous office actions. (April 24 OA, pages 2-3). Further, also 
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providing reasons substantially identical to those provided in previous office actions, the 
rejection based on the enablement requirement was also maintained. {Id., pages 3-5). 
Notably, no reference or comment was made in connection with the test data submitted in 
Appellants' responses. 

In a Response dated June 28, 2006, Appellants again pointed out that the obviousness- 
type double patenting was legally improper due to the Examiner's improper reliance on the 
specification of the '3 16 patent in rejecting the claims. (June 28 Response, pages 2-3). In 
connection with the enablement rejection. Appellants: 1) resubmitted the test results of 
certain exemplary compounds and requested that the results be considered; 2) provided a 
more detailed discussion of the Brana case and illustrated that the rejection was improper in 
view of the legal principles set forth therein; and 3) the specification provides sufficient 
guidance to those skilled in the art. {Id., pages 4-U), 

Another Office Action issued on January 24, 2007 by Examiner C. Rae who is 
currently the Examiner of this application. With regard to the rejection under the 
obviousness-type double patenting, it was alleged that the reliance on the '316 specification is 
proper because 'the specification is being used only as a 'dictionary' to determine the 
meaning of the claim limitations." (January 24 OA, pages 3-4) (emphasis in original). In 
particular, it is alleged that the specification was referred to to interpret the meaning of 
"undesirable angiogenesis," as recited by claim 14 of the '316 patent, and it was concluded 
that the term "undesired angiogenesis," when considered in connection with the '316 patent, 
would somehow encompass the reduction of PDE IV and the treatment of an inflanunatory or 
an autoimmune disease, as recited by claims 1 and 5 of the present application. (Id., pages 4- 
5). 

With regard to the enablement rejection, it was alleged that there was "doubts . . . 
regarding extrapolation of an [in] vitro method for evaluating the PDE IV inhibitory effects 
... to an in vivo method of treating an inflammatory disease or an autoimmune disease." {Id., 
page 6). In particular, citing Bielekova et al.. The Journal of Immunology, 164: 1 1 17-1 124 
(2000) ("Bielekova") and relying on the portion of Bielekova wherein it is purportedly 
disclosed that "the simple extrapolation of therapeutic efficacy from animal models to human 
disorders is not easily feasible," the Examiner alleged that there was ''reason to doubf * the 
enablement of claims 1 and 5. (M, pages 8-10). 
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In their Response dated April 24, 2007, Appellants pointed out that the obviousness- 
type double patenting is still improper because the term "undesired angiogenesis," even when 
read in connection vsith the '316 specification, does not encompass the reduction of PDE IV 
or the treatment of an inflammatory or an autoimmune disease because each of these 
limitations are clearly disclosed as separate embodiments in the '316 specification. (April 24 
Response, page 2). Further, it was pointed out that the portions of the '316 specification 
relied on by the Examiner, even assuming such reliance is legally proper, do not render the 
reduction of PDE IV or the treatment of an inflammatory or an autoimmune disease obvious 
so as to make them patentably indistinct from the method recited by claim 14 of the '316 
patent. page 3). 

With regard to the enablement rejection. Appellants pointed out that the presumption 
of enablement was not rebutted by the office action because no proper "reason to doubf ' was 
provided in the office action. {Id., pages 4-5). hi particular, it was pointed out that the Brana 
case considered facts similar to those presented in this application and held that the 
enablement requirement is satisfied even if a reference discloses that the test provided in a 
patent application may not be indicative of the therapeutic value in humans. {Id.). 
Specifically, Appellants pointed out that the Brana court clearly stated that the test 
compounds' "ultimate value m humans" cannot be required in assessing patentability. {Id.). 

An Advisory Action issued on May 18, 2007, simply dismissing Appellants' previous 
submission as unpersuasive. 

Appellants filed a second Request for Continued Examination and a Response on July 
20, 2007. The substance of the July 20 response was substantially similar to that of 
Appellants' response dated April 24, 2007. 

Another Final Office Action issued on September 10, 2007, in which the same 
reasoning with regard to the obviousness-type double patenting and the enablement 
requirement. Notably, with regard to the obviousness-type double patenting, the Examiner 
dismissed Appellants' previous submission simply by asserting, without really addressing the 
substance of Appellants' submission, that the use of the '316 specification was proper 
because the use was "limited only to its use as a 'dictionary'.*' (September 10 OA, page 3). 
With regard to the enablement rejection, the Examiner found Appellants' submission 
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iinpersuasive, alleging that the facts of the Brana case are distinguishable from those 
presented in this application. {Id., pages 5-6). 

Thereafter, the issues were discussed in an in-person interview held on October 9, 
2007. As summarized in "Applicants' Statement of the Substance of the Interview," which 
was provided in Appellants' Response dated October 31, 2007^, it was agreed during the 
meeting that, to the extent that the PDE IV inhibition properties of certain exemplary 
compounds had been provided during the prosecution, claim 1, which recites, in part, the 
reduction of PDE IV, would be allowable. Further, with regard to claim 5, which recites the 
treatment of an inflammatory or an autoimmune disease, it was agreed that Appellants would 
provide certain references that show that the modulation of PDE IV is implicated with the 
treatment of various inflammatory or autoimmune diseases. Such references were indeed 
provided in Appellants' response of October 9. (October 9 Response, page 8). In connection 
with the rejection under the obviousness-type double patenting, a tenninal disclaimer over the 
'316 patent was filed to expedite the prosecution. {Id., page 7). Lastly, claims 7 and 8, both 
of which recite, in part, a specific compound encompassed by the genus recited by claims 1 
and 5, were added in Appellants' response. 

In a Non-final Action issued on December 28, 2007, the rejection under the 
obviousness-type double patenting was withdrawn in response to the previously filed 
terminal disclaimer. The rejection based on the enablement requirement, however, was 
maintained. The reasons proAdded were: 1) compounds and diseases recited by the claims 
are very broad; 2) "the term 'method for reducing elevated levels of PDE IV in mammal* 
does not require the presence [of| any pathologic condition"; and 3) the legal principles set 
forth in Brana are inapplicable to this application. (December 28 OA, pages 4-6). 

Notably, a new rejection under the non-statutory doctrine of obviousness-type double 
patent was raised in the office action. Specifically, the claims were rejected as allegedly 
patentably indistinct fi'om claims 47-70 of the '822 application. 

In a Response filed on March 25, 2008, Appellants first pointed out in connection 
with the enablement rejecfion that, at the very least, claims 1 and 7 should be patentable 
regardless of the reasoning provided by the Examiner in the previous office action because 

- The response was filed along with a third Request for Continued Examination. 
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claims 1 and 7 recite a specific compound . (March 25 Response, page 2). Further, in 
connection with the rejection of claims 5 and 8, Appellants reiterated that: 1) the legal 
principles set forth in Brana are indeed applicable to this application; and 2) no proper reason 
to doubt was provided by the Examiner. (Id., pages 3-6). In connection with the rejection 
under the obviousness-type double patenting. Appellants pointed out that the claims pending 
in this application are clearly patentably distinct from those in the '822 application, at least 
because the claims of the '822 application recite compounds that have a substantially 
different structure with regard to position of the currently recited compounds. (Id., page 
7). 

Despite the response, a Final Office Action issued on July 9, 2008 ("the Office 
Action"), essentially reiterating the same reasoning provided in previous office actions. This 
appeal followed. 

C. The Examiner Erred i n Rejecting Claims 1> 5. and 7-8 Under 35 U.S.C. S 112, ft 

Appellants respectfully submit that the Examiner erred in rejecting the subject matter 
recited in instant claims 1, 5, and 7-8 as allegedly not enabled. As the prosecution currently 
stands, the rejection is premised on the allegation that undue experimentation is required 
based on the followmg analysis of the Wands factors: 

1 ) Bielekova allegedly provides "reason to doubt" the enablement by illustrating 
"unpredictability or uncertainty in the art" (Office Action, pages 8-10); 

2) since the working examples provided are "limited to in vitro experiments," 
"specific direction or guidance only for an in vitro methodology for evaluating 
PDE rV inhibitory effects" was provided (Id., page 11); 

3) claims 1 and 5 are allegedly very broad as to encompass "multiple variants of 
the elected compound" and "various diverse conditions involving unregulated 
angiogenesis'' (Id.); 

4) although claims 7 and 8 recite a single compound, "how the chemical feature 
of said compound relates to the multiplicity of immunopathologies 
encompassed by these claims are unclear" (Id.); and 
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5) the claimed methods of treatment "may differ in terms of method of 

administration, dose level, [and] dosage regimen," and thus, "coupled with the 
complex and different immunopathologies associated with inflammatory and 
autoimmune diseases, ... it is reasonable to surmise that this level of 
uncertainty and unpredictability in the art would require*' more than routine 
experimentation. {Id., page 12). 

Appellants respectfully disagree with each of these allegations, and submit that no undue 
experimentation is required to practice the claimed methods for the following reasons. 

As well settled, the test of enablement is whether one reasonably skilled in the art 
could make or use the invention from the discloswes in the patent coupled with information 
known in the art without undue experimentation. {U.S. v. Telectronics, Inc., 857 F.2d 778, 
785 (Fed. Cir. 1988)). The Examiner has the initial burden to establish a reasonable basis to 
question the enablement provided for the claimed invention. (In re Wright, 999 F.2d 1557, 
1562 (Fed. Cir. 1993)). Furthermore, ^ 'Fal specification disclosure... must be taken as being 
in compliance with the enablement requirement. . .unless there is a reason to doubt the 
objective truth of the statements contained therein which must be relied on for enabling 
support," (Manual of Patent Examining Procedure ("MPEP") § 2164.04) (emphasis added). 
Moreover, '^ not everything necessary to practice the invention need be disclosed . All that is 
necessary is that one skilled in the art be able to practice the claimed invention, given the 
level of knowledge and skill in the art." {Id., § 2164.08) (emphasis added). 

At the outset, Appellants respectfully submit that the claims pending in this 
application are clearly enabled because the specification "contains a teaching of the manner 
and process of making and using an invention in terms which correspond in scope to those 
used in describing and defining the subject matter sought to be patented." {Id., § 2164.04). 
For example, the specification teaches that PDE IV can be inhibited using compounds of the 
invention. (Specification, page 24, lines 10-11). Likewise, the specification teaches that an 
inflammatory or autoimmune disease can be treated by using compounds of the invention. 
{Id., lines 14-15). Methods of preparing the compounds are described in detail on pages 13- 
17 of the specification, as well as in the Examples section of this application. Dosages and 
routes of admmistration are described, for example, on pages 23-24 of the specification. All 
that is required for those of ordinary skill in the art to practice the claimed invention is to 
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administer the specified amount of the specified compound using the specified routes of 
administration. Therefore, it is clear that the application provides sufficient guidance to 
allow those of ordinary skill in the art to make and use the claimed invention. 

Furthermore, for avoidance of any doubt. Appellants provided in their responses in 
vitro data showing the efficacy of certain exemplary compounds in reducing the PDE IV. 
{See, e.g.. Appellants' responses dated January 19, 2006 and September 27, 2005). The data 



provided during the prosecution are reproduced below: 
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0.095 



0.105 



0.543 
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The data shown above are further evidence that the compounds recited by the pending claims 
are indeed effective in inhibiting PDE IV, and thus, the claimed methods are indeed enabled. 

1. No proper ''reason to doubt^ the enablement Is provided 

Despite the above, the Examiner alleges that the presumption of enablement is 
rebutted in this application based on the assertion that 'nhere is reason to doubt the objective 
trutiiofthe statements contained" in this application. {Id.), Bielekova, which is attached 
hereto as Exhibit A. was provided to support this allegation. (M, page 9-10). In addition, 
along the same line, the Examiner alleges that the data shown above, due to the fact that they 
were obtained in vitro, provides "specific direction or guidance only for an in vitro 
methodology for evaluating PDE IV inhibitory effects." {Id,, page 1 1 ) (emphasis added). 
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However, while passages from Bielekova are extensively reproduced in the Office 
Action, no explanation as to why the reproduced passages are relevant in determining 
whether there was a reason to doubt that the claims are enabled. Instead, the only suggestion 
that Appellants can glimpse from the Office Action Is the statement from Bielekova that 
''simple extrapolation of therapeutic efficacy from animal models to human disorders is not 
easily feasible." (Office Action, page 10). Presumably, Appellants believe that it is the 
Examiner's position that there was reason to doubt the enablement because Bielekova states 
that therapeutic efficacy obtained from animal (or any other models, including the in vitro 
tests provided in this application) cannot easily be extrapolated to human disorders . 

Regardless of the truth of that particular statement. Appellants respectfully point out 
that it is legally erroneous to rely on such a statement in rejecting the claims for allegedly 
failing to satisfy the enablement requirement. This is because the court in Brana, a copy of 
which is attached hereto as Exhibit B. considered a substantially identical disclosure made in 
a prior art reference (i,e., disclosure in a prior art reference that some laboratory oncologists 
are skeptical about the predictive value of murine tumor models provided by the applicants 
for human therapy), and concluded that the claims were enabled because the "usefulness in 
patent law, and in particular in the context of pharmaceutical inventions, necessarily includes 
the expectation of further research and development," (Brana, 51 F.3d at 1568). In reaching 
this conclusion, the court held that the references that "merely discuss the therapeutic 
predictive value of [the tests provided by the applicants]" are relevant in assessing the 
enablement requirement "onl^jf applicants must prove the ultimate value in humans of their 
asserted utility," but held that no such requirement exists for the patentability. {Id. at 1 566) 
(emphasis added). 

Applying the holdings of Brana to the current application, Bielekova, especially the 
portion of Bielekova relied on by the Examiner, precisely discloses what the prior art 
references at issue in Brana disclosed {i.e., that the predictive value of certain non-human 
tests in human therapy may be questionable). However, as the Brana court plainly puts it, 
such a disclosure is relevant "only if applicants must prove the ultimate value in humans of 
their asserted utility," indicating no requirement to prove the ultimate value in humans exists 
in connection with patentability. {Id.\ This is because, according to the Brana court, "[t]he 
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stage at which an invention in [the pharmaceutical] field becomes useful is well before it is 
ready to be administered to humans." {Id. at 1568), 

Furthermore, Appellants respectfully submit that the Examiner's allegation that 
"specific direction or guidance only for an in vitro methodology for evaluating PDE IV 
inhibitory effects" was provided also cannot stand in view of the legal principles set forth in 
Br ana discussed above. Indeed, adopting the Examiner's rationale, no claims to method of 
human treatment can be issued based on in vitro data, and such a result would be flatly 
contrary to Brana court's reasoning that "[t]he stage at which an invention in [the 
pharmaceutical] field becomes useful is well before it is ready to be administered to humans.' 
(Brana, S\ F.3dat 1568)^ 

In this regard, the Examiner maintains that the legal principles set forth in Brana are 
inapplicable to this application based on the assertion that: 1) while the issue in Brana was 
"whether 'asserted utility' was a proper test fro determining enablement under 112, first 
paragraph," no such issue is present in the current application (December 27 OA, page 5); 
and 2) the facts of Brana are distinguishable from those in the current application since 
Brana* s determination of anti-cancer activity was obtained using "a well-recognized mouse 
model," whereas "no in vitro model is well-recognized in the art for reliably and predictably 
determining the anti-PDE IV activity ... against a specific disease species or the genus of 
inflammatory and autoimmune diseases." (Id,). Appellants respectfully submit that the 
Examiner is misinterpreting the Brana case. 

With regard to the Examiner's first allegation that the legal issue presented in Brana 
does not exist in the current application. Applicants respectfully wishes to point to p^e 1564 
of Brana decision. There, the court clearly indicated that, although the rejection at issue in 
Brana "appears to be based on the issue of whether the compounds had a practical utility, . . . 
the rejection ... stands on the requirements of §112.11 1 ." {Brana, 51 F.3d at 1564) 
(emphasis added). Thus, the court stated that "it is to that provision that [the court] address" 
the issue. {Id,). In other words, the issue that the court considered and addressed in Brana 
was whether the specification had an enabling disclosure as to the asserted utility of treatment 
of cancer, an issue substantially identical to the one in this application, i.e., whether the 

^ Appellants respectfully point out that there are PDE IV inhibitors approved by the FDA, e.g., Ariflo*. 
Although FDA approval is not required for patentability, the fact that there are approved PDE IV inhibitors 
evidences the fact that PDE IV is a valid target for drug development. 
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specification had an enabling disclosure as to the claimed utility of the treatment of 
inflammatory or autoimmune diseases. 

In addition, the Examiner also alleges that facts in the current application are 
distinguishable from those in Brana because, according to the Examiner, unlike Brana^ no 
well-recognized model for reliably and predictably determining the efficacy for inflammatory 
and autoimmune diseases is available in the art. (December 27 OA, page 5). First, 
Appellants respectfully point out that, contrary to the Examiner's allegation, the murine 
tumor model provided in the application at issue in Brana was not a "well-recognized model 
for reliably and predictably determining the efficacy" of the test compounds. In fact, issues 
in Brana arose precisely because the reliability and predictability of that model was 
challenged by the examiner based on a prior art reference. Thus, Appellants respectfully 
submit that the allegation made by the Examiner in this regard is factually incorrect, and thus, 
caimot be a basis to distinguish the facts of Brana from those of the current application. 

Furthermore, Appellants respectfully point out that, to the extent that the challenged 
murine tumor model was found acceptable in Brana, the PDE IV test provided by Appellants 
during the prosecution is sufficient to establish the enablement of the claimed methods. In 
this regard. Appellants submitted in their response of October 31, 2007 the following 
references, which show that PDE IV is implicated with various inflammatory and/or 
autoimmune diseases: 1) Bumouf et aL, Curr. Pharm. Des,, 8(14): 1255-96 (2002), attached 
hereto as Exhibit C. which indicates that the PDE IV activity is associated with a wide 
variety of diseases related to inflammatory state or autoimmune pathology {see, e.g.. 
Abstract); 2) Dastidar et aL, Curr. Opin. Investig. Drugs, 8(5): 364-72 (2007), attached hereto 

Exhibit D, which indicates that PDE IV inhibitors' therapeutic potential in the treatment 
of various inflammatory disease such as asthma, COPD, psoriasis, rheumatoid arthritis, and 
inflammatory bowel diseases, e.g., Crohn's disease and ulcerative colitis {see, e.g.^ Abstract); 
and 3) Sommer et al, J. NeuroimmunoL , 79(1): 54-61 (1997), attached hereto as Exhibit E. 
which indicates that PDE IV inhibition is advantageous for the treatment of autoimmune 
diseases such as multiple sclerosis {see, e,g,. Abstract). Appellants respectfully submit that 
these references clearly demonstrate the therapeutic potential of PDE IV inhibition in a wide 
variety of autoimmune or inflammatory diseases, and thus, the predictive value of the test 
results provided by Appellants is sufficiently established by these references. 
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Consequently, Appellants respectfully submit that the legal principles set forth in 
Brana are entirely applicable to this application, and thus, the alleged "reason to doubt" 
provided by the Examiner is legally improper, 

2» The whole scope of the pending claims are adequately enabled 

It is alleged in the Office Action that "the claims are very broad," presumably 
indicating that the whole scope of the pending claims is not enabled. (Office Action, page 
11). In this regard, it is alleged that "claim 1 encompasses that all mammalian species, 
multiple variants of the elected compound, . . . various diverse conditions involving 
unregulated angiogenesis"^, including a heterogenlejous group of inflammatory and 
autoimmune diseases that are characterized by different immunopathologies and etiologies^." 
(Id.). Appellants respectfully submit that none of these allegations with regard to claim 1 can 
form the basis to question the full enablement of claim 1. 

First, although the scope of claim 1 does encompass all mammalian species and 
multiple variants of the elected compound, Appellants respectfully submit that all mammalian 
species and muhiple variants are adequately enabled by the specification and evidence 
submitted by Appellants during the prosecution. For example. Appellants respectfully submit 
that the enablement for the genus recited by claim 1 is sufficiently provided in view of the 
PDE IV inhibition test resuhs provided by Appellants for various compounds encompassed 
by the genus. While the Examiner appears to imply, without providing any evidence or 
reasonmg, that the whole scope of the genus recited by claim 1 is not enabled, no explanation 
as to why the PDE IV test data provided for various representative compounds are not 
sufficient to provide enablement for the genus recited by claim 1 . In addition, with regard to 
the implication that the no sufficient enablement for "all mammalian species'' was provided, 
Appellants respectfully point out that the burden of showing that not all mammalian species 
were enabled lies on the Examiner. As the Examiner fails to provide any evidence or 
reasoning to support this implication. Appellants respectfully submit that this burden is not 
met by the Examiner. 



^ It is unciear why the Examiner refers to ''unregulated angiogenesis" in connection with this analysis. 
Appellants respectfully point out that "unregulated angiogenesis" is not recited by claim I. 

^ Presumably, in this part of the statement, the Examiner is referring to claim 5, which recites the treatment of 
an inflammatory or an autoimmune disease. 
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Furthermore, while the Examiner alleges that claim 1 encompasses 'Various diverse 
conditions involving unregulated angiogenesis," Appellants respectfully point out that claim 

1 recites reduction of PDE IV . It is unclear to Appellants as to what limitations of claim 1 are 
referred to by the Examiner as encompassing "various diverse conditions." In this regard. 
Appellants respectfully submit that there can be no question regarding the enablement of the 
subject matter recited by claim 1 because claim 1 simply recites, in part, the reduction of PDE 
IV . and the reduction of PDE IV by various exemplary compounds encompassed by the 
genus recited by claim 1 was provided by Appellants. Consequently, Appellants respectfully 
submit that the whole scope of claim 1 is adequately enabled, and no evidence or reasoning to 
rebut this presumption is provided by the Examiner. 

Claim 5 is also implied by the Examiner to be not fully enabled, allegedly because 
claim 5 encompasses "a heterogen[e]ous group of inflammatory and autoimmune diseases 
that are characterized by different immunopathologies and etiologies." (Office Action, page 
11). Again, Appellants respectfully submit that such a breadth cannot be equated with the 
proposition that claim 5 is not fully enabled, especially in view of the fact that Appellants 
provided ample evidence to show that PDE IV inhibition is implicated with the treatment of 
various inflammatory or autoimmune diseases. 

With regard to claim 7 and 8, while the Examiner recognizes that these claims recite 
only a single compound, the Examiner indicates that the claims are still not fully enabled 
allegedly because "how the chemical feature of [the recited compound] relates to the 
multiplicity of immunopathologies encompassed by these claims are unclear." {Id.}. First, 
Appellants respectfully point out that the Examiner is asserting a requirement that finds no 
root in any of the known legal principles regarding patentability. In other words, 
understanding or showing "how the chemical feature of [the claimed compound] relates to" 
the inmiunopathologies of the disease the compound purports to treat is completely iirelevant 
to the patentability of a claim to the treatment of the disease using the compound. By the 
Examiner's logic, no claims to the treatment of a disease should be allowable unless one 
completely understands the full mechanism of action of the treatment, which is flatly contrary 
to the legal principles set forth in the Brana case. {See Brana, 51 F.3d at 1 568). 

Consequently, Appellants respectfully submit that the breadth of pending claims, in 
the absence of any evidence or reasoning to rebut the presumption of the enablement 
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provided by the Examiner, cannot be accorded any weight in assessing whether the whole 
scope of the claims is enabled. 

3, No more than routine experimentation is required to practice the claimed 
methods 

It is alleged in the Office Action that die claimed methods of treatment "may differ in 
terms of method of administration, dose level, [and] dosage regimen," and thus, "coupled 
with the complex and different immunopathologies associated with inflammatory and 
autoimmune diseases, ... it is reasonable to surmise that this level of uncertainty and 
unpredictability in the art would require" more than routine experimentation. (Office Action, 
page 12). Appellants disagree. 

As discussed above, the specification provides sufficient information and guidance 
with regard to how to practice the claimed methods. Although the Examiner alleges that 
some experimentation may be required in connection with "method of administration, dose 
level, [and] dosage regimen," Appellants respectfully point out that the optimization of such 
factors is no more than what is routinely practiced by those skilled in the art, for which the 
specification provides sufficient guidance, {See, e.g., specification, pages 23-24). 
Furthermore, Appellants respectfully submit that, even considering the ''complex and 
different immunopathologies associated with inflammatory and autoimmune diseases," no 
more than routine experimentation is required by those skilled in the art for the practice of the 
claimed methods. 

In this regard, Appellants respectfully point out that the legal principles set forth in In 
re Wands, 858 F.2d 731, 737 (Fed. Cir. 1988) provide helpful insight as to whether undue 
experimentation would be required to optimize the factors referred to by the Examiner. In 
Wands, the Court of Appeals for the Federal Circuit held that claims directed to immunoassay 
methods were enabled, even though in order to practice the claimed invention one would 
have to screen "hybridomas to determine which ones secrete antibody with desired 
characteristics." {Wands, 858 F.2d at 740). This was because "[p]ractitioners of this art are 
prepared to screen negative hybridomas in order to find one that makes the desired antibody." 
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As in Wands, the Examiner here is objecting to what is basically a screening step. Yet 
here, the screening is not nearly as complex as that in Wands, as the claimed invention is 
directed to the use of specific, readily obtainable compounds, for which routes of 
administration and dosages are set forth in the specification. Moreover, the determination by 
a physician as to whether a compound is effective in treating a disease in a given patient is a 
routine determination that is always made by physicians for every pharmaceutical 

Consequently, Appellants respectfully submit that no more than routine, 
experimentation is necessary for the practice of the claimed methods, particularly in view of 
the direction and guidance provided in the specification and the skill in the art. 

4. Summary 

In sum, for the reasons discussed above, the Examiner's rejection is legally improper 
under In re Brana. Further, the analysis of the Wands factors set forth by the Examiner, 
individually or collectively, is simply not sufficient to rebut the presumption of the 
enablement. Thus, Appellants respectfully request that the Board overturn the Examiner's 
rejection of the claims under 35 U.S.C. § 1 12, 1[1 ■ 

The Examiner Erred i n Rejecting the Claims Under the Non-Statutorv Doctrine 
of Obviousncss-Tvpc Double Patenting 

Claims 1, 5, and 7-8 are rejected under the obviousness-type double patenting over 
claims 47-70 of the '822 application. In particular, it is alleged that the pending claims are 
not patentably distinct from the claims of the '822 application allegedly because "the instant 
claims ... are deemed to be obvious variants of the referenced claims." (Office Action, page 
13). 

Claims 1 and 5 of the current application recite, in part, a compound of the following 

formula: 




r5 
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wherein, among others, is -.SO2- Y, -COZ, -CN, or hydroalkyl of 1 to 6 carbon atoms in 
which Z is NR* R^, alkyl of 1 to 6 carbon atoms, phenyl, or benzyl; R^'^ is hydrogen, alkyl of 
1 to 4 carbon atoms, cycloalkyl of 3 to 18 carbon atoms, phenyl, benzyl, or alkanoyl of 2 to 5 
carbon atoms, each of which is unsubstituted or substituted with halo, amino, or alkylamino 
of 1 to 4 carbon atoms; and R^ is alkyl of 1 to 4 carbon atoms. 

In contrast, the compound recited by claims 47-70 of the '822 application has the 
formula: 




As can be seen by comparing the two structures, the genus structures recited by 
claims 47-70 of the '822 application do not even overlap with the genus sti-ucture recited by 
the pending claims. In particular, it is pointed out that the R^ position of the currently recited 
genus cannot be -CO-(NR'*)-0-CO-R^ as required by the genus structures recited by claims 
47-70 of the '822 application. Therefore, in view of these structural differences. Appellants 
respectfully submit that the pending claims should be patentably distmct from claims 47-70 
of the '822 application. 

Despite this, while acknowledging that "the genus structures of the instant claims and 
the reference claims differ with respect to R3. " the Examiner asserts that the pending claims 
are patentably indistinct from the claims of the *822 application based on the assertion that "it 
would have been obvious to one of ordinary skiil in the art at the time of the invention to 
select any of the species of the genus taught by the reference, including those of the instant 
clahns, because an ordinary artisan would have reasonable expectation that any of the species 
of the genus would have similar properties." (Office Action, pages 4-5) (emphasis added). 

In this regard. Appellants respectfully point out that the Examiner appears to have 
misunderstood the chemical structures recited by the pending claims and the claims of the 
'822 application. To clarify, it is respectfully pointed out that any species that may be 
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selected from the genus recited by the claims of the *822 patent cannot "include those of the 
instant claims" because the two structures differ on the position so that there can be no 
overlap between the structures. Consequently, to the extent that the allegation that the current 
claims are patentably indistinct from those of the '822 application is based on the Examiner's 
misunderstanding of the structures recited by the claims, Appellants respectfully submit that 
the rejection of the claims under the obviousness-type double patenting should be overturned. 

In addition, to the extent that the Examiner's rejection may be relying on the 
allegation of "structural similarity," Appellants respectfully point out that the rejection also 
cannot stand in view of the controlling legal principles regarding the obviousness of 
"structurally similar" compounds. {See, e.g., Takeda Chemical Industries, Ltd. v. 
Alphapharm Pty., Ltd. 492 F.3d 1350 (Fed. Cir. 2007), cert, denied, 128 S. Ct. 1739 (2008)). 
Specifically, allegations of "structural similarity" are not enough to render a structural 
modification obvious because, as the Federal Circuit emphasized, "it remains necessarv to 
identify some reason that would have led a chemist to modify a known compound m a 
particular manner to establish prima facie obviousness of a new claimed compound." {Id. at 
1357 (emphasis added); see also Eisai Co., Ltd. v. Dr. Reddy's Laboratories, Ltd., No. 2007- 
1397 (Fed Cir. Jul. 21, 2008) ("the record contains no reasons a skilled artisan would have 
considered modification of latisoprazole by removing the lipophilicity-conferring fluorinated 
substituent as an identifiable, predictable solution.")). 

Thus, while the controlling legal principles require that a prima facie case of 
obviousness be supported by "structural similarity" together with a reason to modify, all that 
is provided in the Office Action is a mere conclusory allegation that the compounds recited 
by the pending claims are "deemed to be obvious variants of the referenced claims." (Office 
Action, page 13). As such, no prima facie showing that the subject matter claimed by the 
pending claims is obvious over, and thus, patentably indistinct from, the subject matter 
recited by the claims of the '822 application is established by the Office Action. For this 
additional reason. Appellants respectfully request the Board to overtum the rejection under 
the obviousness-type double patenting. 
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E. Conclusion 

For the reasons discussed above. Appellants respectfully submit that the Examiner 
erred in rejecting the subject matter of the instant claims. Appellants, therefore, respectfully 
request that the Examiner's rejections be overturned and that the pending claims be allowed. 

A fee of $540.00 is believed due for the submission of this paper, and will be paid via 
EFS-web. If any additional fees are required, the Director is authorized to charge such fees to 
Deposit Account No. 50-3013. 



Date: 



December 8, 2008 




12265 EI Camino Real, Suite 100 
San Diego, CA 92130 A 
(858)314-1200 
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VIII. CLAIMS APPENDIX 

1. (Previously presented) A method of reducing elevated levels of PDE IV in a 
mammal^ which comprises administering thereto an effective amount of a compound of 
formula (I): 





a. 



R2 



X' 



^N-CH 



I 

or an acid addition salt or a substantially chirally pure isomer thereof, 
wherein: 

each of R' and R^, independently of the other, is alkyl of 1 to 4 carbon atoms, alkoxy 
of 1 to 4 carbon atoms, cyano, cycloalkoxy of 3 to 18 carbon atoms, 
cycloalkyl of 3 to 1 8 carbon atoms, or cycloalkylmethoxy in which cycloalkyl 
has from 3 to 18 carbon atoms; 
one of X and X' is =C-0 and the other of X and X' is =C=0 or -CH2; 
is -SO2-Y, -COZ, -CN, or hydroalkyl of 1 to 6 carbon atoms in which 
Y is alkyl of 1 to 6 carbon atoms, phenyl, or benayl; 
Z is -NR^ R^ , alkyl of 1 to 6 carbon atoms, phenyl, or benzyl; 
R^ is hydrogen, alkyl of 1 to 4 carbon atoms, cycloalkyl of 3 to 18 

carbon atoms, phenyl, benzyl, or alkanoyl of 2 to 5 carbon atoms, each 
of which is unsubstituted or substituted vnth halo, amino, or 
alkylamino of 1 to 4 carbon atoms; 
R^ is alkyl of 1 to 4 carbon atoms; 
n is 1, 2, or 3; 

one of R** and R^ is hydrogen and the other of R'* and R^ is imidazolyl, 
pyrrolyi, oxadiazolyl, triazolyl, or 

in which z is 0 or 1 ; 
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R^ when taken independently of R^, is selected from cycloalkanoyl of 2 to 6 
carbon atoms^ each of which is unsubstituted or substituted with halo, 
amino, monoalkylamino or dialkylamino in which each alkyl group 
contains 1 to 4 carbon atoms; and 

R'' is hydrogen, alky! of 1 to 4 carbon atoms, methylsulfonyl, or 
alkoxyalkylcarbonyl of 2 to 5 carbon atoms; or 

R^ and R^, taken together^ are alkylidene of 1 or 2 carbon atoms substituted by 
amino, alkylamino, or dialkylamino^ in which each alkyl group has 
from 1 to 4 carbon atoms^ or, provided z is 1, -CH=CH-CH=CH-, or - 
CH-CH-N=CH-; and, 
the carbon atom designated * constitutes a center of chirality. 



2-4. (Canceled). 




5, (Previously presented) A method of treating an inflammatory disease or an 
autoimmune disease in a mammal, which comprises administering thereto an effective 
amount of a compound of formula (1): 

^C,H2„)-R3 
I 

or an acid addition salt or a substantially chirally pure isomer thereof, 
wherein: 

each of R^ and R^, independently of the other, is alkyl of 1 to 4 carbon atoms, alkoxy 
of 1 to 4 carbon atoms, cyano, cycloalkoxy of 3 to 18 carbon atoms, 
cycloalkyl of 3 to 18 carbon atoms, or cycloalkylmethoxy in which cycloalkyl 
has from 3 to 1 8 carbon atoms; 

one of X and X' is -C-O and the other of X and X' is =C==0 or =CH2; 

R^ is -SO2-Y, -COZ, -CN, or hydroalkyl of 1 to 6 carbon atoms in which 
Y is alkyl of I to 6 carbon atoms, phenyl, or benzyl; 
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Z is -NR^ , alkyl of 1 to 6 carbon atoms, phenyl, or benzyl; 
is hydrogen, alkyl of 1 to 4 carbon atoms, cycloalkyl of 3 to 18 

carbon atoms, phenyl, benzyl, or alkanoyl of 2 to 5 carbon atoms, each 
of which is unsubstituted or substituted with halo, amino, or 
alkylamino of 1 to 4 carbon atoms; 
R^ is alkyl of 1 to 4 carbon atoms; 
nis 1,2, or 3; 

one of R"* and R^ is hydrogen and the other of R"* and R^ is imidazolyl, 
pyrrolyl, oxadiazolyl, triazolyl, or 

)— (CzH2,)- 
R7 

in which z is 0 or 1 ; 

R^, when taken independently of R^ is selected from cycloalkanoyl of 2 to 6 
carbon atoms^ each of which is unsubstituted or substituted with halo, 
amino, monoalkylamino or dialkylamino in which each alkyl group 
contains 1 to 4 carbon atoms; and 

R^ is hydrogen, alkyl of 1 to 4 carbon atoms, methylsulfonyl, or 
alkoxyalkylcarbonyl of 2 to 5 carbon atoms; or 

R* and R^, taken together^ are alkylidene of 1 or 2 carbon atoms substituted by 
amino, alkylamino, or dialkylamino^ in which each alkyl group has 
from 1 to 4 carbon atoms^ or, provided z is 1, -CH=CH'-CH=CH-, or - 
CH-CH-N=CHs and, 
the carbon atom designated * constitutes a center of chirality. 

6. (Canceled). 

7. (Previously presented) A method of reducing elevated levels of PDE IV in a 
mammal^ which comprises administering thereto an effective amount of a compound of 
formula: 
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8. (Previously presented) A method of treating an inflammatory disease or an 
autoimmune disease in a mammal, which comprises administering thereto an effective 
amount of a compound of formula: 




or an acid addition salt thereof 
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Exhibit A: Bielekova et aL, The Journal of Immunology, 164: 11 17- 11 24 (2000) 
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Exhibit E: Sommer a/., J. Neuroimmunol.^ 79(1): 54-61 (1997) 
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X. RELATED PROCEEDINGS APPENDIX 
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Exhibit A 



Potential of Phosphodiesterase-4 and -3 Inhibitors 
in mi-Mediated Autoimmune Diseases 

Bibiana BieUkova. Anne Uncoln, Henry McFariand, and Rol«id Martin' 

Using in vitro immunopharmacoIoBic techniouM -«.iJ,«. « j:!:' * '"htbllors may be beneficial in astbma. 

-ddre« these discrepancies and bZieT«^„X^^^^^ ^"""^ Immune eeh. to 

have complex inhibitory effects wi^Wn in "r.cSLv^hl^^^^^^^^^ ^""^ '^^^"'^ indicate that PDE Inhibitors 

r«pon«a „o.Hy nlffected or ^i^ncld The Th2 s^^^^^^^^^ ^"T °" Th,-m«iiated immunity, whe«., Th2.medl.ted 
PDE lnhlWto« on several factor^ crntHrutln^lTc^^^^^ " "P***"** 

up.reg.l-tfonofCD«6«„ddow„ rlgr^on^^^^^^ ^^^^ ^'-^^ «^ cosrimulatory signal, I.e, 

.ynergistic cITects and may br.^d«thrS»erI^^'ZL^^ ''^'^'^ inhibitors e.pre«« 

•nfreactlve « foreign AgLcTflc T ceS, a^d ^rLH^lT 7 * differential sensitivity to PDE Inbibitio. in 

Thb that S>E InMbTo/wrat" the r?n^^^^^ T"'TT'T*' 'T'^'''' ''•'^•^ '-•"^^ 

cytoiclneskewinTcell-medlatedautrmmnn^^^^^^^ r ce,, stim«i«s and correct, tb* nnderiying dl«««e..«ocia*ed 

«tlon, of PDE inhibitors *«4u^rZZ7XZ^^lnlZZ:^^ «»dings broaden the understanding of the immnnomodnlatory 
oflmmHnoiogy, 2000. 164: 1 1 -"-B profile for the treatment of antoimmnne disorder.. The Journal 



Hyperactive Thl-nwdiatcd immune responses are tliought 
to be involved in the pathogenesis of many autoimmune 
™f '"'='"**'"S multiple sclerosis (MS).^ Phosphodi- 
i ? * ^ "^^""^ degrading the second messenger 
CAMP wh^ mediates and regulates essential intracelimar pto- 
cesses (1). There are 10 different PDE families, but immune ills 
predominanlly express families PDE4. PDE3, and to a lesser ex- 
tent PDE 7 (2 3). Although no PDE7 inhibitor is available, the 
mhibi ors of PDE4 and PDE3 families exert complex immuno- 
modulatory propen.es. In animals, these dnigs inhibit Ag-medi- 

'rLrt '^^"^ ^ P™fi'« to- 

ward a Th2 phenotype by doAvn-teguJating the expression or 
prodtHTtion of Thl cytokines (4-6) and have no clFect or ev^ 
augment ihc production of Th2 cytokines (6. 7). These properties 
render PDE mlubition a candidate therapy Thl-mediated au- 
toimmunc disorders. Indeed, both nonselective as well as PDC4- 
specific inhibitors were effective in ameliorating disease in differ- 
ent wcpcrimcntal autoimmune encephalomyelitis models (5 8-10) 
and in collagcn-mduced anhritis models (11. 12). However the 
simple cxrrapolaiion of therapeutic efficacy from animal models to 
human disorders is not easily feasible (1 3), and ihercfott, the anal- 
"""Hmomodulatoiy properties of PDE inhibitons on 
human immune cells is an important step in preclinical testing 



Studies exploring the effects of PDE inhibitors in humans in vitro 
or in vivo are stilt limited. Although there is some evidence for a 
preferential inhibition of proinflammatory cytokines in Thl -medi- 
ated human autoimmune conditions (2. 14, 15), data from asth- 
matic and atopic individuals reached almost Ihc opposite conclu- 
sion, i.e.. that these drugs lead to preferential inhibition of Th'' 
responses (16). We therefore decided to study the effects of the 
selective PDE4 inhtbilor rolipram and the PDE3 inhibitor cilosta- 
mide on a large number of human autoreactive and foreign Ag- 
reactive T cell lines (TCL) derived from MS patients and healthy 
individuals and asked the following questions. I) Which biological 
functions (Ag-spccific proliferation, cytokine production func- 
(lonai Ag avidity) of human CD4* T cells are influenced by liKse 
PDE inhibitors? 2) Can these effects be induced by the concentra- 
tions of drugs achievable in vivo? 3) Is there a differential effect 
between PDE4 and PDE3 inhibitors and their combination? 4) Is 
(here a differential sensitivity to the PDE inhibition between au- 
toreactive and foreign Ag-reaciivc TCL and between TCL derived 
from MS patients vs healthy donors? Finally, 5) what a« ihc 
possible explanations of the immunomodulaiory effect of PDK 
inhibitors? 



Materials and Methods 

Reagcnfs. generation of Tee// fines, and proliMation assitys 
Rolipram (racen^te «f 4^3■-cycJo,.e^tyIoxy^•-^,ethoxypheny^J-2-pyrTO- 
mond CA) C,Joslam«le <Or»C wax b gif, from Dr. V.nccni M^- 

ilnr*. ? ^^"^^^^ Jns.ifuics of H«lth. Beihcsda 

MD> hx5h «>lut,«,s of ind,v.du.-»| drugs were prepared tor each cxpcri- 

Z t H ' ^ '^'-'^M ^°«ceniraUo« of 

n.^. and ai ih« concenirainm d«f n„. iom«ncc T ecll praHferairon whet, 
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Myclm basic protein was prcpaicd as previousty described {17), The 
pcplidcs Flu.HA,,;« (PKYVKONTUaAT) and lctemis«,„ (QVr. 
KANSKFIGITQU) were synthesized by coniinuoiu flow, solid phase pep- 
tide synthesis on rh< basis of the F-moc/Hu' strategy. P«pt{des were purified 
by HPLC. and then identities were tested »i»ing km spny mau 
spectrometrj'. 

The TCL were geticraicd by an lL-7-modiricd primary proliferation 
assay, a method that aliuws (he rapid expansion of Ag-spccific T ccHs 
including in vivo activated cells. Uriefiy. PBMC were isolated from fresh 
leukophefeses by FicoH ttensiiy gradients and wen seeded in 96-weU U- 
bottom plates in T cell medium {IMDM, Life Teebnologies. Grand Isiiinds, 
NTO conUining 2 mM t-glulamioc, 50 fig/ml genlamicin, 100 U/tnl pcn- 
icilliii/sireptomycin {alt from BioWhttiakcr. Walkeisville. MD), and 5% 
pooled human plasma at 1 X lo' ccll«Avcll, widi addition of 10 nii/mJ lL-7 
(rocombmant human IL-7; PcproTcch. Rocky HilU NJ). After 7 days (37'<: 
and 5% COj). cultures were split by transAirrittg 100 ^1 of each cell culture 
into a daughter plate, wliich wns pulsed wtth {'HJtbyniidtiw (Amcrshaau 
Arlington Heights, IL} at 1 fiCi/y^n. The incofporated radioactivity 
(counts per minute) w«s measured by scmtillatifm counting (Betaplate 
Pharmacia LKB. Piscalaway, NJ) 8 h later. Proliferation of cultures witfi 
Ag {25 (Ag/m\ MBP or 5 /u.g/ml peptides) was compared with proliferarion 
of negative control wells seeded without Ag, Positive cultures (stimulation 
index ^2 and absolute counts per minute at least 3 SDs above the average 
counts per minute of negative control wells) were identified on the mother 
plates and were periodically restiitmlatcd, The Ag specificity was con- 
firmed at the end of the second in vitro stimulation cycle in 48-h prolif- 
eration assays as previously described (IS). All blood samples were col- 
lected aceordmg to an instilutional review board-approved pr<rtocol, and 
iiifbnned ctmseni was obtained before the study. None of the patients re- 
ceived any iinmunofflodulatory or immunosupprossivv ireaiment within I 
mt> beftvc blood collection. 

Efecit qfPDE-4 and POE-3 itthihitors on Ag-spec0c TCL 

prolifaration anJ functional Ag avftfity 

The effects of PDE inhibitors on Ag-specific proliferation, t^okine pro- 
duction, and funciional Ag avidity were assessed during the third stimu- 
lal.on cycle (days 22-25 ex vivo). Each drug was used alone <in three 
concentrations 0. 1 . 1 . and 1 0 ^M) or in combination {0.05, 0.5. and 5 fiM, 
concentrations of individual drugs in die mixture). The selected dose range 
included ihc conccnU-jiions achievable in vivo {for rolipram, 0.09 and 0 2 
tiM, Dr. Claus-Steffen Stucrzcbecher. Schcring. Berlin, Germany, personal 
conununicalion). Each condition was tested in duplicate, including nega- 
tive (no Ag) aiid positive (Ag. no drug) controls. T cells were plated in 
96-wcU U-botton» plates at 2 x lo" T cells/well with irradiated autfliA.»«M, 



.>^, ffwitiTv »i« urug; conirois. I ecus were plated in 
9^wclIU-botton»plates«t2 x lo" T cells/well with irradiated autologous 
PBMC at I X lO' celk^li. The Ag was adtlcd at the seeding concen- 
(ration (25 MC^ml MBP and 5 ftt/ml pcplidc^i) or over a wide range of Ag 
concentration for Ihe funclioRai Ag avidity asjsay. Supematants from these 
assays were collected after 36 h of incubation and stored ftozen until anal, 
ysis. For the last « h of incubation, cells wore pulsed with f'HJthymidinc 
at I MCi^well, and the incorporated i-adtoactivity wis measured by scinlit- 
lation counting. 

Cytokine secretion 

Secretion of a Ih 1 (IFN-y) and a 7h2 (JL-4) cytokine by Ag-speci6c TCL 
was assessed by sandwich ELISA {Cyto-Sets from BioSource lmema> 
tional. Camaritlo. Ca} actyrding to ihe manufacturer's recommendation. 
All sinndards and samples were icsted in duplicate. 

How (ylniwiry (tACSj anah'xis oj ihe surface exprvxsivn of 
rnstimuUiton ' moiecitlfs 

Krxsh PBMC (I 3 X 10" cells^ml) were seeded in bulk culturea in 4«.weU 
plaic With or vviihoiiE rolipram (10 fx\i}. In addition to nonstiinulalcd cells, 
the effect ot rolipram was assessed upon nonspecific stimulalton with LPS 
(2 5 ^Lg/mf) or PHA-P fPHA. 5 Mg^nd: both from Signwr After I2-h in- 
cubation cells were washed with wash buffer (Duibecco-s PBS with ]% 
hcat.inacfiv.ucd FCS and 0. 1% siniium a/.ide) and incuhaicd with fluorcN- 
tc»n-. PI -. f>r Cy-rhrnnh:-<onj(t|.nlcd Ah (HI.A-DR,DP Og-FITC CDI9. 
hi re. CDJ4-Knc :md -PI:. CDKO-FtTC and -PE. CD86-Fnc and -PE 
and C D3 Cy-Chron»c, all from PharMingcii. San Diego. CA) at saturating 
coiKeniraiions ftu 30 mm on ice, thcr washed three times and ana/y/xd 
fFACScau. BeitOH Dtckitwon, t A) usmj Ccll-OucsC wiflwarc Isolype- 
roaichcd mouse Igt, nctraitvc cnnirols were used for each siatmng. Mono- 
cyte* were fe*ale<l K-».scd im ibe size characiensticv (Award and >.idc scat- 
icr). and cxprcwmn »f COM. Lymph«>cytea were wieniificd by ihc sr/c 
chaiBcieftsiicv and dilfcrcmiation between T and H lvm(>bnc>ies was based 
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FIGURE I. Effect of PDE inhibitors on Ag-specific proliferation of 
TCL. A total of 47 TCL was stimulated widi specific Ag without or with 
three increasing concentrations of rolipram and cilostamide. For die com- 
bination of rolipram and cilostamide. each drug was used in concentntions 
of 0.03, 0.5, and 5 fiM, respectively. Results are depicted as counts per 
minute. Statistically significant difrerenccs are indicated p < 0.05; 
p < 0.01). Only rolipram and the combination of both drugs had a dose- 
related inhibitory effect on Ag-specilic TCL prolifetation. The combinatioa 
of roStpram and cilostamide was the most potent, demonstiatiiv ■ qmer- 
gistic effect of individual drugs. The differences among tbiee treatment 
modaliUei reached statistical significance (p < 0.05, by repeated measures 
ANOVA analysis). 

on the expression of CD3 and CDI9 molecules, respecdvely. Five dwu- 
sand cells in the gaied poptalation were analy»sd per sample. 



Statisticai analysis 

The data were analyzed by a commercial softwue pat:lcage (Sifima-Siai. 
SPSS. Chicago. IL). The effects of the drags on biological functions of 
TCL was evaluated by one-way repeated measures ANOVA or, if normal- 
ity failed, by Friedman's repeated measure analysis on ranks. Statistically 
significant differences from repeated measures ANOVA were further an- 
alyzed by the Student-Newman -Keuls test, with p < 0.05 as a cut-off for 
Statistical signiUcancc. The effect of rolqiram on costtmirfatory molecules 
was assessed by the Mann-WMtncy rank-cum test. 

Results 

Effect ofPDE-4 and POE-3 inhibitors on Ag-spec^c TCL 
prohferaiion 

We examined the eflects of rolipram and cilostamide on the pro- 
liferation of 47 Ag-specific TCL. Both dritgs inhibited Ag-driven 
TCL proliferation, bui only rolipram and the combination of both 
drugs expressed sialislicalJy significant inhibitory effects in a dose- 
dependent manner {Fig. I). The inhibition by rolipram (8.8-32% 
inhibition) was more pn>notmccd than that by cilostamide (6.31- 
22.61% inhibition). Combinations of both drugs (I/I ratio and half 
molar concentration of each dmg (0.05, 0.5. and 5 /iM in the final 
mixture) proved to be most efficient in inhibiting TCL proHfcraiion 
(10.34-61.05%). exceeding (he additive effects of individual 
drugs. The observed diffemiccs between drugs and their combi- 
nation were siatistically significant {p < 0.05. by repealed mea- 
sures ANOVA). Because the above characteristics of the drug 
combination indicated synergistic effects, we have quantified the 
degree of synergism between roltprain based on Ihc modified Be- 
ncnbaum equation (19): 

The degree of synergism between drugs A and B is equal to MH 
where R - /{lC,a drug A + BydC^^ dnig A)j + [{IC,-. drug B + 
AV(ICj„dnigB)|. 

Based on the proliferation data in Fig. I we hove estimated the 
lCj„ (the conccniration of each drug thai leads (o 20% inhibition of 
TCL prolifenition; thi.? wa.s substituted for \C^^, as neither rolip- 
ram nor cilostamide reached 50% of inhibition) from the dose- 
response curves aiKl cakutatcd R,^,,^,„, , = «■ 1 123- The 
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FIGURE t. Effects ofPDE inhifattors on proHf- 
eration of TCL strshfied twsed on their origin {de- 
rived from MS patienis vs healthy donors) and se- 
lecting Ag (autoreactive vs foreign-Ag specific). 
Upon stratification of the proliferation data with re- 
spect to the origin of the TCL and the type of se- 
lecting Ag, a hierarchy of the sensitivity to PDE 
inhibition emerged; MS-derived TCL were more 
sensitive than healthy donor (HD)-derived TCL. A 
similar differentia] sensitivity to PDE4 vs PDEJ in- 
hibition was observed in die analysis of autoreac- 
tive and foreign Ag-apecifie TCL within each pop- 
ulation group. Statistically significant differences 
are indicated (p < 0.05. by P ' ' 
measures analysis on ranks). 
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tJcgrcc of synergism bctwctai rolipram and cilostamidc is l/R - 
8.9. (Values <1 indicBte antagonism, I indicates additivlly, and 
valutw >I indicate synergism.) 

Comp^irLron o/ the susc epJibility (a PDE-4 and -3 inhibition by 
autoreactive and foreign Ag-specific TCL and by TCL derived 
Jrom MS patients and healthy donors 

When tlic inhibitory effect of PDE inhibitors was assessed after 
stratification of TCL based on their origin and (he type of Ihe 
selecting (TCL derived from MS patients {26 TCL. 17 auto- 
reaclive. 9 forctgn-Ag-specific) vs. TCL derived from healthy do- 
nors (21 TCL. 5 autoreactive, 16 foreign-Ag-spccific)), two intcr- 
esiing observations emerged (Fig. 2). I) The MS-derived TCL 
were more susceptible to the effect of PDE inhibitors than were the 
hccilthy donor-derived TCL < 0.05 for lO^M rolipram, 10 /xM 
cilosiamtde. and 0.1 and I p.hA concentrations of dtug mixmre 
Fncdnian's repeated measures analysis on ranks). 2) Also, then 
appeared to be a dilfcrcntial sensitivity of autoreactive TCL and 
foreign Ag specific TCL to the erects of PDE4 and PDE3 inhibi- 
tion. Aottjreactivc TCL *ere tnhib.lcd by rolipram to a greater 
extent than foreign Ag-spcc.fic TCL (/. < 0 05. through the tested 
concentration range of rolipram, KricdfTian's repeated t»easun» 
analysis on ranJcs) Only straiiftcd daia arc depicted in Fig. 2. Dite 
to the decreased power of a comparison of divided data into indi^ 
VKJtial pmiem groups, not all difrcrcnccs reached statistical signif- 
icance {p < 0.05. by Friedman's repeated measures ar^alysis on 
ranks): these arc maiiied w»tb an asterisk. 



Efeci of PDE inhibitors on cytokine proehtction hy 
Ag-spec^c TCL 

We evaluated the effects of PDE inhi-biiors on Ag-drivcn produc- 
tion of two cytokines, IFN-y (prototypic Thl cytokine) and IL-4 
(protoiypic Th2 cytokine: Fig. 3). Although a significant variabil- 
ity was noted among individual TCL, the average effecl of PDE4 
inhibition by rolipram and of PDE4 and PDE3 inhibiiion by the 
combination of drugs on IFN-y production was inhibiioiy. Rolip- 
ram (}2.26-27.«% inhibition) and the combitiation of both drugs 
(16.07-46.3%) inhibited IFN-y synthesis in a dose-dependent 
manner. The effect of cilostamidc was mild and did not reach sta- 
tistical significance for any eoncentrati<Mi (4.47-11.27% inhibi- 
tion). Diifcrences among the drugs were again statistically 
significant. 

Neither rolipram nor the combination of rolipram and cilos- 
iamtde had a statistically significam effect on IL-4 production 
(inhibition ranging from -0.62 to 1.69% throitghoui the con- 
centration range). Cilostamidc had a mild inhibitory effecl on 
IL-4 production ul O.J ^M. whereas a high concentration flO 
mM) significantly enhanced iL-4 production (~ H .19% inhibi- 
tion at 10 concentration). OvcrafK the effect of PDE4 and 
PDE3 inhibitors on IFN-y production paraflcfed ihojtc on pro- 
liferation, wilh the drug combinalion having synergistic effects 
The IL-4 production was largely unarectcd despite (he demon- 
strated significam inhibition of TCL proliferation ai ilie drug 
conccntracions tested. 
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FIG URE 3. Effect of PDE inhibitors on cytokine production of A£-spe- 
cific TCL. The effects of rolipram, ciloslAniide and their combination on 
Ag-specific production of IFN-y and IL-4 was assessed in parallel to the 
proliferation. Results are depicted as the percent inhibition of cytokine 
production for each concentration of drug compared with control cultures 
(no drug added). Statistically signiRcant differences arc indicated (*,/» < 
0.05; p < 0 01). Although all TCL tested in proltfeiation assays pro- 
duced IFN-Y and are included in the analysis, only 9 of 26 MS-dMived 
TCL and 17 of 21 healthy donor-derived TCL produced llM; dwrefofe, 
only these 26 TCL could be inchtded in the analysis of the effect of PDE 
inhibitors on lL-4 production. Only rolipram and the combination of roli- 
pram withcilostamide inhibited ibeprDduelionDflFN-v significantly com- 
pared with control sanoples. This inhibition paralleied the elfecl on TCL 
proliferation and was clearly strongest for the connbination of both drugs. 
Neither rcrfipram nor the drug combination has a signiAcant effect on IL-4 
production. A high cmoentnUon (10 ftM) of cilostamide enhanced lL-4 pro- 
duction de^Hte the demonstrated itdiibiioiy efbci on {Moliftiatton. Oiffeienees 
between individual diugs were statistically significant (p < 0.05). 



Efect of PDE irthibitors on the functional Ag avidity of TCL 
To gain a better understanding of the mediwiism of the PDE4 and 
PDE3 inhibitor-induced bias of immune res|)oa8a firom a ThI to- 
waivl a Th2 phenotype, wc decided to study their effiscts on the 
m^QT con^ncttis of T cell priming. Apart from Uie influence on 
the cytokine milieu, which was supported by the above experi- 
ments, we wanted lo address the question of whether these drugs 
influence the Ag dose needed for T cell activation, i.e., antigen 
avidity, and costtmulatory signals delivered by APC. Firat, to ad- 
dress the question of whether the magnitude of the tmmunomodu- 
lalory effect of PDE inhibitors on TCL varies depending on the 
dose of Ag, we exposed a subgroup of TCL (15 TCL; selected as 
a representative sainple based on their pbenotype, variable suscep- 
tibility to PDE inhibition, and reactivity to either autoantigen or 
environmental Ag; Table I) to a 1-ftM concentration of the indi- 
vidual drugs over a wide range of Ag concentrations. The i«sults 
of this functional Ag avidity assay for three TCL (of TbU ThO, and 
Th2 phenotypes) are summarized in Fig. 4. None of the autoreac- 
tive or foreign Ag-specific TCL that wc generated for this project, 
expressed a clear Th2 phcnoiypc. Wc therefore included a Th2-likc 
TCL specific for copolymer-1 (Cop- 1), an approved immuno- 
modulacory drug for MS. The TCL Thl:MBP and TfaO:Fhi-HA 
were representative of all other tested TCL and illustrate the 
above-mentioned differential effect of PDE inhibition on autore- 
acHve vs foreign Ag-ivactivc TCL. All examples also demonstrate 
the hierarchy of immunomodulatton between individual drugs 
(cilostamide < rolipram < rolipram + cilostamide). For MBP- 
specific Thl-TCL, a combination of PDE4 and PDE3 inhibition 
resulted in almost 100% inhibition of proJtferation and IFN-y pro- 
duction. For Flu-HA-specific ThO-TCL. the inhibition of prolifer- 
ation and IFN-y production was much less jwonouncod (~50% 
with the combination of drugs for each Ag concentration), and the 
production of IL-4 was either unaffected or even enhanced. For 
Cop- 1 -specific Th2-TCL. the indtvidttal drugs had no effect on 
Ag-specific proliferation or IL-4 production. OveralL the magni- 
tude of the effect of PDE inhibitors on individual TCL was similar 
through the tested Ag concentration range. However, as demon- 
strated in Table i. the PDE inhibition had a mild, but statistically 
significant, effect on the EC^ (concentration of Ag that leads to 
50% maximal pn^iferation) of individual TCL (p - 0.009, Frwd- 
man's rq>eated measures uialysis on tanks). 



Table I. EJIect of PDE UihibHon on TCL Ag avidity (ECs^f 



TCL 

0"S'" Mwnotypc No drag CilocUnikie Rolipnun 



Rolipram -i 



i ^"-"^ MS ThI 0.070 0.070 0.080 0.200 

3 FluHA ^\ ^^'^^ O-^OO 0:200 
i ^?'!J? w! ^' ^^^^ 0 03« 0.500 

4 Fhi-HA MS ThO O.003 0 003 0 |00 0.100 

i ^un^ °«^« OiOO 0.100 

J MSI 0-050 0.070 0.070 Q lOO 

7 MBP MS ThJ 10.000 10.000 

f. 2.000 3.000 2.000 3 000 

9 MBP MS ThI 1.500 1.500 L^ J SS 

? i^Sp ^' 20.000 20.000 20.000 3aoS 

' MS ThO 3.000 3.000 ;0 000 -I-^ 

II T^W) 25.000 25.000 25.000 25.000 

li ThO 3.000 3.000 4.000 3000 

. »^ Th2 3.000 3.000 3 000 3 000 

J[£i!l ^ 4.58 ^ 7.77 4.69 ^^72* 4.79l.To2* 5.20 J1S.<^' 

" »00% mh«bitNM or|ir«>lilef*tHM», " " ~ 

»./» < 00$; Fncamm't rcpntHl mnMee* tnmfytw on nuikc with SludcM-NcwmnKKcHti tm. 
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SL^tecbwt^ CDMri^l^S cKpre««o„ of co8Umula.<>Ty molecules by APC. The surface expression of MFIC class II and costi.™tetory 
JS^fl PS or PHM PftM^^^ ? ^ 'y^P'^^^y^'^ triple-suiming, flow cytometric a«alys«. Resting or aonspccificalty 

/old 1^ " "^"''"^ ■^"P™"' ^"'J by flow cytometry OnlyXTff«T™ 



both MS patients and heallhy donors. 



patienis have biased imniiine responses toward opposite Th phe- 
notypcs as compared with unbiased responses of healthy donors, 
we asked whether the explanation for these controversial data from 
human TCL lies in the diflercnrial susceptibility to PDE inhibition 
between these different patient groups. This hypothesis prompted 
us to examine the effccl of PDE inhibition on large numbers of 
TCU derived from both healthy donors and MS patients, and with 
speeificily for two Ags. the autoantigen MBP and the classical 
foreign recall Ags Flu-HA or tetanus f22). Indeed, we were able to 
demonstrate a higher susceptibility to PDE inhibition by MS-de- 
nved compared with healthy donor-derived TCL. This finding has 
several important itiiplications. Ir explains how the same therapeu- 
tic agent could be considered for the treatment of disordcre with 
potentially dilferent pathogenesis (ThI-tncdiatcd autoimmune dis- 
orders vs. Th-2-mcdiated asthma and atopic dermatitis). Wc and 
others iwcently demonstrated (23, 48) that the immune system in 
MS patients is in a dysrcgulatcd state characterized by an over- 
shooting Thl response not only to autoantigcns. but also to com- 
mon environmental pathogens. A similar dysrcgulatcd state, this 
lime toward Th2 responses, is likely to exist in asthmatie or atopic 
individuals (24). If such a dysrcgulation involves abnormalities tn 
the CAMP .wcond messenger system, it would render TCL derived 
from these individuals more susceptible to the effects of PDE in- 
hibition, thus at feast in pan explaining the controversies between 
results obtained from MS and asthmatic patients. Several reports in 
the literature indicate that this may be the case. Patients with MS, 
rheumatoid arthritis, or lupus were found to have low intracellular 
cAMP levels (25, 26), decreased expression and activity ofG pro- 
iein-coupled receptor kinases (2 7), or deficient type I cAMP-dc- 
pcndem protein kinase A activity (28, 29). Similar abnormalities in 
CAMP signaling were suggested m a.sthma{ic patients (30-32). 

It IS more difficult to explain ihc .suggested differential susccp- 
ttbility to PDE inhibition between aiiloreactive and foreign Ag- 
reaciive TCL Wc did noi find any significant skewing in rhe cv 
tokine profiles between ibese »wt> lypes of TCL that woufd account 
for the observed dillereiiiial circci. Tins cltcct is not riKdmcd by 



the need for antigenic processing of MBP compared with Flu-HA 
and tetanus peptides, because it was shown that MBP presentation 
by HLA-DR molecules does not require processing (33) and be- 
cause we have noted a similar effect of PDE inhibition on seven 
MBP-speciac TCL stimulated with the peptide epitope (data not 
^own). The two likely explanations are that either the signal de- 
livered by the autoantigen may be qualitatively different (partial 
agonist vs ftili agonist signal) or the dysregulation in the cAMP 
system is more pronounced in autoreactive T cells. We are cur- 
riCTiily studying this issue in detail. Considering the therapeutic use 
of PDE inhibitore. the observed higher susceptibility of autoreac- 
tive TCL to PDE4 inhibition may widen the therapeutic window in 
the ocatmcnt of auioimmune disorders without inducing general 
iniinunosuppression. 

To explore the possible cause of the PDE inhibiior-indticcd bias 
from Th 1 to Th2 phenotype, we decided to study the influence of 
these drugs on T cell priming. There arc three major components 
contributing to T celt priming, which may influence the phenotype 
of the primed T cell: the cytokine milieu, the dose and character of 
the Ag. and the costimulatory signal. It was previously demon- 
strated by us and others that selective PDR4 inhibitors or nonse- 
lective PDE inhibitors decrea.sc the secretion or expression of 
proinflammatory cytokines by human mononuclear cells, favoring 
(he cytokine milieu at the time of Ag presentation towaid ati anti- 
inflammatoiy Th2 phenotype (6, 14, 34, 35). However, the influ- 
ences of PDE inhibition on the other components of T cell primmg 
conditions were unknown. 1-irst, we studied the PDE inhibitors in 
Ag dose-response assays, exploring their eflecU on the dose of Ag 
required for T cell activation. The results of these studies indicate 
that PDE inhibitors have two different effects on the acnvation of 
TCL; th^ inhihil TCL proliferation regardicss of the Ag dose (Fig. 
41 On the other hand, the effect of PDE inhibitors cm the FC*„ 
indicates that a higher Ag dose is necessary for the activation of 
TCL under therr influence These data .<5uggest that PDE mhibftors 
have complex inhibiioiy eflects. on T cell activation, most likely by 
influatcing both proximal Ag-rcsponsivc cveuis of T cell signaling 
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(36) as well as components of more downstream machinery in- 
volved in T cell eflccior functions. The exact mechanisms of this 
effect arc currently under investigation in our laboratory. The dem- 
onstrated influence of and -3 on the Ag dose required for T 
cell activation (ogcihcr with the data from ihc literature showing 
that high Ag doses skew the developing immune rv^sponse lowani 
a Thl phenotype, whereas low doses of Ag skew the response 
toward a Th2 phenotype (37) adds another mechanism for the ob- 
served effect of tliesc dmgs on Thl/Th2 paradigm 

Next, we wanted to assess the influence of rolipram on the third 
component of T cell priming, the costimulatoiy signals. It has been 
suggested that costimulation by CD80 preferentially drives the T 
cell differentiariort toward Thl responses, whereas CD86 costimu- 
lation biases T cell priming toward Th2 responses (38). Although 
some concerns were raised regarding the general validity of this 
dtchoiomy of the roles of CD80 and CD86 (39). several reports 
mdicate that the CD«fVCD86 costimulatory system is altered in 
MS patients. Specifically, higher numbers of CD80* B lympho- 
cytes in the cerebrospinal fluid (40. 41) increased serum levels of 
CD80* lymphocytes in patients during MS exacerbation (42), and 
low expression of CD86 on cerebrospinal fluid T cells (41) have 
been reported in patients with MS, Our data indicate that rolipram 
down-regulates CD80 expfescion and up-regulates CD86 expres- 
sion on monocytes and B and T lymphocytes upon nonspecific 
acuvation with PHA or LPS. The likely explanation for this ob- 
scrvanon is the differential kinetic of induction of these costimu- 
latoiy molecules on AFC; CD80 is expressed later than CD86; 
therefore, rolipram may be preventing the swiu:h from CD86 to 
CD80 expression, an issue that merits fiiither study. We also dem- 
onstrated that rolipram down-rcgulates MHC class H expression, 
both in resting conditions and after induction by proinflammatory 
signals. This finding is in agreement with the observation in a 
murine system, where increases in intracellular cAMP inhibit the 
IFN-y-medlated induction of class II MHC genes (43). Togedio-, 
these changes in the costimulatory profile on APC favor T cell 
priming from Thl toward a ThO or Th2 phenotype and may limit 
the effective presentation of autoantigen in inflammatoiy MS le- 
sions. Indeed, rolipram was shown to reduce the number of IFN- 
7-secreting cells upon priming of human mononuclear cells in bulk 
cultures lo the autoantigen MBP, while the numbers of IL-4- or 
IL-IO-sccrcting cells were unaffected (44). 

The above data demonstrate a favorable drug profile of PDE4 
and PDE4 combined with PDE3 inhibitors Ibr the treatment of 
Th J -mediated autoimmune disorders; however, the question re- 
mains of whether this immunomodulatory effect is expressed 
within a concentration range that is achievable in humans in vivo. 
The concentrations of rolipram achievable in healthy volunteers 
following the administration of 0.75 mg three limes daily and 1.5 
mg three times daily were 24 and 53 ng/ml (0.09 0.2 mM; Dr. 
Claus-Steren Stuerzebccher, unpublished observations) Our data, 
summarized in Fig. 6, indicate that rolipram and especially the 
combination of rolipram and cilosiamide have a mtid imniuno- 
modulatory effect at the concentration of 0 1 ^M . I lowcver, due to 
the immunomodulaiion at multiple levels (infiucacc on T cell 
pnming conditions, Ag-bpecifit prolifciation, and cytokine pro- 
duction) Ihc in vivo elTeci is likely to be more prominent. The 
combination of PDE4 and PDE3 inhibitor expresses a high degree 
of synergism thai is. to our experience, achievable even at much 
lower concentrations of cilosiamide in ihe final mixture (data not 
shown) 1 hcrcforc. Che combtnat ion of PDE4 inhibitors with rel- 
atively small ami.unt.s of PDE^ inbihiiors may rcprescm a way to 
brciden tfw therapeutic window m the ireaimcni of human disor- 
ders and should be considered for future drug developmenl. The 
niulecular mcchatusm of this synergy ,s not kmm-n. Ii has been 




FIGURE 6. Immunomodulatory effect of PDE inhibitore within tn vivo 
achievable concen^tion ranges. The concenteation of roHpram that can be 
achieved in humans in steady suie without major side eflfccts ranges from 
0.09 lo 02 mM. At a concentration of 0.1 /lM. POE inhibitors express a 
mild, but multilevel, immunomoduiatofy profile by suppressing Ag-spc- 
cific proliferaiion and IFN-t- production preferentially of autoreactive TCt. 
while not affecting, or even enhancing. IL-4 production. This immuno-' 
modulation is strongest for Ihc combiaaiton of rolipram and cilosiamide. 
demomtrsting the synergistic effect A siaitstically significant efl^t eom- 
paied with conUirf cultures is indnaied {*,p < 0-05: **, p < 0.01). 

repMted dut PDE3 inhibitors atone have tittle effect on the total 
inlracellular cAMP levels, and they do not further enhance the 
cAMP accumulation induced by rolipram (45). However, it has 
been suggested, thai PDE3 (predominantly localized to the partic- 
ulate cellular fraction) and PDE4 (predominantly cytosotic) may 
regulate dilTereni pools of cAMP (46, 47). It is conceivable that 
intracellular signaling can partially adapt to die effects of PDE4 
inhibition by diverting critical pathways blocked by high cytosolic 
cAMP concentrations and activation of PKA to the alternative 
pathways, which, in turn, may be aOected by PDE3 inhibition. 
Elucidating the molecular mechanism of diis synergy between 
PDE4 and PDE3 inhibition will enhance our understanding of 
cAMP second messenger signaling. 

Well-designed therapeutic trials supported by immunological 
smdics should not only provide more doflnitc informarion about 
the therapeutic poteniial of PDE inhibitors in autoimmune disor- 
ders, but also broaden our understanding of the immunopaUiogcn- 
esis and the potential diiferenccs among individual human Thl- 
mediated autoimmune diseases. 
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United States Court of Appeals,Federal Circuit. 
In re Miguel F. BRANA, lose M.C. Berlanga, Marina 
M. Moset, Erich Schlick and Gerhard Keilhauer. 
93-1393. 

March 30, 1995. 

Applicants appealed from decision of the United 
States Patent and Trademark Office (PTO) Board of 
Patent Appeals and Interferences, affirming patent 
examiner's rejections of claims for antitumor 
compound. The Court of Appeals, Plaeer. Circuit 
Judge, held that: (1) claimed specification for 
antitumor compound satisfied statutory utility 
requirement by alleging that compound was more 
effective in treating lymphocytic leukemia in mice 
than other known compounds; (2) PTO failed to 
satisfy its initial burden of challenging presumptively 
correct assertion of utility; (3) even if one skilled in 
the art would have reasonably questioned asserted 
utility of claimed antitumor compound, applicants 
provided sufficient evidence to convince one of skill 
in the art of asserted utility; and (4) Food and Drug 
Administration (FDA) approval is not prerequisite for 
finding compound usefiil within meaning of patent 
laws. 

Reversed. 

West Headnotes 

UI Patents 291 C=>loi(5) 

291 Patents 

29 HV Applications and Proceedings Thereon 
291klOI Claims 

291kIQI(5) k. Requisites and 
Sufficiency. Most Cited Cases 
Claim specifications for antitumor compound 
satisfied statutory utility requirement by alleging that 
compound was more effective in treating 
lymphocytic leukemia in mice than other known 
compounds. 35 U.S C.A. § IQl . 

{2J Patents 291 €=>48 

291 Patents 

29111 Patentability 

29111(C) Utility 



2. 91k48 k. Nature of Product or 
Result. Most Cited Ca.<;es 

L)miphocytic leukemia tumor models used to study 
cancer in mice represented specific diseases against 
which claimed compounds in patent application 
could be effective, as required to satisfy statutory 
utility requffement, where cell lines used on models 
were originally derived from lymphocytic leukemias 
in mice and would produce that disease once 
implanted in mice. 35 U.S.C.A. S 101. 

I3J Patents 291 €>=^97 

291 Patents 

29Iiy Applications and Proceedings Thereon 
29Ik22 fc. Patent Office and Proceedings 
Therein in General. Most Cited Cases 
Patent and Trademark Office (PTO) has initial 
burden of challenging presumptively correct assertion 
of utility in patent disclosure. 35 U.S.C.A. ^ }( }] 

£41 Patents 291 €»97 

291 Patents 

291 rv Applications and Proceedings Thereon 
291k97 k. Patent Office and Proceedings 
Therein in General. Most Cited Cases 
Only after Patent and Trademark Office (PTO) 
provides evidence showing that one of ordinary skill 
in art would reasonably doubt asserted utility of 
patented invention does burden shift to applicant to 
provide rebuttal evidence sufficient to convince such 
person of invention's asserted utility. 35 U.S.C.A, ^ 



£51 Patents 291 €>=>97 

221 Patents 

29 HV Applications and Proceedings Thereon 
291k97 k. Patent Office and Proceedings 

Therein in General. Most Cited Cases 

Patent and Trademark Office (PTO) failed to satisfy 

Its mitial burden of challenging presumptively correct 
assertion of utility in application for patent for 
antitunwr compound, where references cited by PTO 
did not question usefulness of any compound as 
antitumor agent or provide any other evidence to 
cause one of skill in the art to question asserted utility 
of applicants' compounds, but instead discussed 
therapeutic predictive value of tests used in mice, 
which were relevant only if applicants were required 
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51 F.3d 1560. 34 U.S,P.Q.2d 1436, 63 USLW 2656 
(Cite as: 51 V3d 1560) 

to prove ultimate value in humans of their asserted 
utility. 35U.S.C.AS 101 

£61 Patents 291 C==>99 

29i Patents 

2911V Applications and Proceedings Thereon 
29Ik99 k. Description of Invention in 
Specification. Most Cited Cases 
Even if one skilled in the art would have reasonably 
questioned asserted utility of claimed antitumor 
compound, aj^licants provided suflScient evidence to 
convince one of skill in the art of asserted utility; 
applicants provided test results showing that several 
compounds within scope of claims exhibited 
significant antitumor activity, and prior art disclosed 
structurally similar compounds which were proven to 
be effective antitumor agents. 35 U.S.C.A. S IQI . 

121 Patents 291 €>^49 

291 Patents 

29in Patentability 

29111fC) Utility 

291k49 k. Evidence of Utility. 

Most Cited Castas 

Although minor changes in chemical compounds can 
radically change then- effects on human body, 
evidence of success in structurally similar 
compounds is relevant in determining whether one 
skilled in the art would believe asserted utility. 

£81 Patents 291 €»46 

2il Patents 

29111 Patentability 

29H1(C^ Utility 

29lk46 k. Nature and Necessity of 
Patentable Utility. Most Cited Cases 
Food and Drug Administration (FDA) approval is not 
prerequisite for finding compound useful within 
meaning of patent laws. Federal Food, Drug, and 
Cosmetic Act, § 505(iXl), 21 U.S.CA S 
mam; 35U.S.C.A.SS im 117. 21 C.F.R. 
§ ^ 3l2.2irbl.312.23(aV5vraVX^ 

I91Patente29l C=>324^ 

291 Patents 

291X11 Infringement 

29miiC) Suits in Equity 
29lk324 Appeal 

29lk324.5 k. Scope and 
Extent of Review in General. Most Cited Cases 
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In reviewing decisions of Patent and Trademark 
Office (PTO), Court of Appeals traditionally reviews 
questions of law without deference to views of the 
agency, and defers to agency with regard to questions 
of fact unless its findings are clearly erroneous. 

Um Patents 291 €=»324.55<1) 

291 Patents 

291X11 Infringement 

291XlhC^ Suits in Equity 
29ik324 Appeal 

291k324 55 Questions of 
Fact, Verdicts, and Findings 

291k324.55rn k. In 

General. Most Cited Cases 

When mixed questions of law and feet are before 
Court of Appeals on appeal from decision of Patent 
and Trademark Office (PTO), whether Court of 
Appeals defers, and extent to which it defers to 
agency's decision, turns on nature of case and nature 
ofjudgment. 5 U.S.C A. ^ 7f>fi 



*1562 Malcohn J. MacDonald, Keil & Weinkauf. 
Washington, DC, argued, for appellant. With him 
on the brief was Herbert B. Keil Of counsel was 
David S. Nagy. 

Fred E. McKelvey, Sol., Office of Sol., Ariington, 
VA, argued, for appellee. With him on the brief 
were Albin F. Drost, Deputy Sol., Richard E. Schafer, 
Teddy S. Gron, Joseph G Picmin and Richard L. 
Torczon. Associate Sols. 

Before PLAGER, LOURIE. and RADRR Circuit 
Judges. 

PLAGER. Circuit Judge. 

Miguel F. Brana, etal. (applicants), appeal the March 
19, 1993 decision of the United States Patent and 
Trademark Office (PTO) Board of Patem Appeals 
and Interferences (Board), in Appeal No. 92-1196. 
The Board affirmed the examiners rejection of 
claims 10-13 of patent application Serial No. 533,944 

"nder 35 U.S.C. § 1 12 f I (\QRR) eni 

examiner's rejection, upon which the Board relied in 
rendering its decision, was based specifically on a 
challenge to the utility of the claimed compounds and 
the amount of experimentation necessary to use the 
compounds. We conclude the Board eired, and 
reverse. 



FNL Unless otherwise noted, all United 
States Code citations are to the I9«8 edition. 
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I. BACKGROUND 

On June 30, 1988, applicants filed patent application 
Serial No. 213,690 (the '690 application) ^ 
directed to 5-nitroben2o[dc]isoquinoline-l,3-dione 
compounds, for use as antitumor substances, having 
the following formula: 



£N2^ This is a divisional of patent 
application Serial No. 1 10,871 filed October 
21, 1987. 




where n is 1 or 2, and are identical or different 
and are each hydrogen, Cl-C6-alkyl, 
C 1 -C6-hydroxyaIkyI, pyrrolidinyl, morpholino,' 
piperidinyl or piperacinyl, and and R^ are identical 
or different and are each hydrogen. Cl-C6-alkyl, 
Cl-C6-acyl, C2-C7-alkoxycarbonyl, ureyl' 
aminocarbonyl or C2-C7-alkylaminocarbonyl! 
These claimed compounds differ from several prior 
art ben2o[de]isoquino1ine-l,3-dione compounds due 
to the presence of a nitro group (02N) at the 
5-positjon and an amino or other amino group 
(NR R ) at the 8-position of the isoquinoline ring. 

The specification states that these non-symmetrical 
substitutions at the 5-and 8-positions produce 
compounds with "a better action and a better action 
spectrum as antitumor substances" than known 
benzo[deJisoquinolines, namely those in K.D. Paull 
et al.. Computer Assisted Structure-Activity 
Correlations, Drug Research, 34(11), 1243-46 (1984) 
(Paull). Paull describes a computer-assisted 
evaluation of benzo[delisoquinoline-l,3-diones and 
related compounds which have been screened for 
gtitumor activity by testing their efficacy in vho 
against two specific implanted murine (i.e., 
utilizing mice as test subjects) lymphocytic 
leukemias, P388 and LI2I0. ^ These two in vivo 
tests are * 1 563 widely used by the National Cancer 
Institute (NCI) to measure the antitumor properties of 
a compound. Paull noted that one compound in 
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particular, 

benzo[de]isoquinoline- 1 ,3(2H)dione,5-aminO'.2(2-di 
methyl-aminoethyl [sic] ) (hereinafter "NSC 
308847"), was found to show excellent activity 
agamst these two specific tumor models. Based on 
tiieir analysis, compound NSC 308847 was selected 
for fiirther studies by NCI. in addition to 
companng the effectiveness of the claimed 
compounds with structurally similar compounds in 
Paul], applicants' patent specification illustrates the 
cytotoxicity of the claimed compounds against 
human tumor cells, in vitro, ^ and coiKludes that 
these tests "had a good action." ^ 



Wy in vivo means "[i]n the living body, 
referring to a process occurring therein.*' 
Steadman's Medical Dictionary 798 (25th ed. 
1990). in vitro means "[i]n an artificial 
environment, referring to a process or 
reaction occurring therein, as in a test tube 
or culture media." Id 

FN4. The analysis in Paull consisted of 
grouping the previously-tested compounds 
into groups based on common structural 
features and cross-referencing the various 
groups, in light of the success rates of the 
group as a whole, to determine specific 
compounds that may be effective in treating 
tumors. 

PN5. See supra note 3 . 

The specification does not state the 
specific type of human tumor cells used in 
this test. 

The examiner initially rejected applicants' claims in 
the '690 application as obvious under 35 U S C ^ 
103 in light of U.S. Patent No. 4.61 4 , issued to 
and referred to hereafter as Zee-Cheng et al 
Zee-Cheng et al. discloses a benzo[de]isoquinoline 
compound for use as an antitumor agent with 
symmetrical substitutions on the 5-position and 
8-position of the quinoline ring; in both positions 
Ae substitution was either an amino or nitro group. 

Although not identical to the applicants' claimed 
compounds, the examiner noted the similar 
substitution pattern (i.e., at the same positions on the 
isoquinoline ring) and concluded that a mixed 
substitution of the invention therefore would have 
been obvious in view of Zee-Cheng et al. 
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FN7^ The chemical compound in Zee-Cheng 
®t al- is labeled a 

3,6-disubstituted-l,8-naphthaIimide and uses 
different numbering for the positions on the 
isoquinoline ring. The structui^ of this 
compound, however, is identical to that 
claimed by the applicants except for 
symmetrical substitutions at the 5 -position 
and the 8-position of the isoquinoline ring. 
Zee-Cheng et al. teaches identical 
substitutions of amino or nitro groups while 
applicants claim a nitro group substitution at 
the 5-position and an amino group 
substitution at the 8-position. 

In a response dated July 14, 1989, the applicants 
rebutted the i — 101 rejection. Applicants asserted 
that their mixed disubstituted compounds had 
unexpectedly better antitumor properties than the 
symmetrically substituted compounds in Zee-Cheng 
et al. In support of this assertion applicants 
attached the declaration of Dr. Gerhard Keiihauer. 
In his declaration Dr. Keiihauer reported that his tests 
indicated that applicants' claimed compounds were 
far more effective as antitumor agents than the 
compounds disclosed m Zee-Cheng et al. when tested, 
in viiro, against two specific types of human tumor 
cells, HEp and HCT-29. ^ Applicants fimher 
noted that, although the differences between the 
compounds in Zee-Cheng et al. and applicants' 
claimed compounds were slight, there was no 
suggestion in the art that these improved results (over 
Zee-Cheng et al.) would have been expected. 
Although the applicants overcame the $ 103 
rejection, the examiner nevertheless issued a final 
rejection, on different grounds, on September 5 

lOfiO ' 



FNL HEp cells are derived from laryngeal 
cancer and HCT-29 cells from colon cancer. 

On June 4, 1990, applicants filed a cominuation 
application. Serial No. 533,944 (the '944 application), 
from the above-mentioned '690 application! 
Claims 10-13, the only claims remaining in the 
continuation application, were rejected in a final 
office action dated May I, 1 99 1. Applicants 
appealed the examiner's final rejection to the Board. 
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compounds were active. Furthermore, the 
examiner concluded that the prior art tests performed 
in Paull and the tests disclosed in the specification 
were not sufficient to establish a reasonable 
expectation that the claimed compounds had * 1564 a 
g^tical utility (i.e. antimmor activity in humans). 



The examiner's answer noted that the 
final rejection also could have been made 
"nder 35 U.S.C. 5 ini for failure to 
disclose a practical utility. 

EHKL The examiner subsequently filed two 
supplemental answers in response to 
arguments raised by the applicants in 
supplemental reply briefs. 

In a decision dated March 19, 1993, the Board 
affirmed the examiner's final rejection. The 
fliree-page opinion, which lacked any additional 
analysis, relied entirely on the examiner's reasoning. 
Although noting that it also would have been prop^ 
for the examiner to reject the claims under 35 U.S.C. 
ii — lOi, the Board afTirmed solely on the basis of the 
Examiner's § 112 f i rejection. This appeal 
followed. 



II. DISCUSSION 

At issue in this case is an important question of the 
legal constraints on patent office examination 
practice and policy. The question is, with regard to 
pharmaceutical inventions, what must the applicant 
prove regarding the practical utility or usefiilness of 
the invention for which patent protection is sought. 
This is not a new issue; it is one which we would 
have thought had been settled by case law years ago. 

We note the Commissioner has recently 
addressed this question in his Examiner Guidelines 
for Biotech Applications, see 60 Fed. Rep. 97 (1995V 
49 PatTrademark & Copyright J. (BNA) No. 1210* 
at234(Jan. 5, 1995). 



FNLL See. e.g., Cross v fhuka. 753 F.2d 
1040. 224 liSPO 739 (Fed CW IQg^)- 
Lander, .503 F.2d HSO, m IISPO 
((;CPA 1974); In re Krimmel. 292 F ?d 
94g, I3Q (JSP0 2LWrrPA iQAi^- irire 
Berse/. 292 F.2d 9SH II Q [JSPQ 
(CCPA I96n 



In his answer to the applicants' appeal brief, the 
examiner stated that the final rejection was based on 
35 U.S.C. |{? t 1. ^ The examiner first 
noted that the specification failed to describe any 
specific disease against which the claimed 
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The requirement that an invention have utility is 
found in 35 U.S.C. $ 101 : "Whoever invents ... 
any new and useful ... composition of matter ... may 
obtain a patent therefor...," (emphasis added). It 
is also implicit in § 112 f 1, which reads: 
The specification shall contain a written description 
of the invention, and of the manner and process of 
making and using it, in such fijll» clear, concise, and 
exact terms as to enable any person skilled in the art 
to which it pertains, or with which it is most nearly 
connected, to malce and use the same, and shall set 
forth tlie best mode contemplated by flie inventor of 
carrying out his invention. 

Obviously, if a claimed invention does not have 
utility, the specification cannot enable one to use it. 

As noted, although the examiner and the Board both 
mentioned $ 101. and the rejection appears to be 
based on the issue of whether the compounds had a 
practical utility, a S 101 issue, the rejection 
according to the Board stands on the requirements of 
§ 112 t 1< It is to that provision that we 
address ourselves. The Board gives two 

reasons for the rejection; ^ we will consider 
these in turn. 



FN 1 2. This court's predecessor has 
determined that absence of utility can be the 
basis of a rejection under both 35 U.S.C. $ 
iOi and S 112 f I . In re JoUes. 62S 
F.2d 1322. 1326 n. 11. 206 USPO ««5 »}^Q 
n. 11 (CCPA 1980) ; In re Fonche. 439 
F.2d 1237. 1243, 169 USPO 429, 414 
fCCPA 197n ("II]f such compositions are 
in fact useless, appellant's specification 
cannot have taught how to use them."). 
Since the Board affirmed the examiner's 
rejection based solely on § 112 f I, 
however, our review is limited only to 
whether the application complies wifli § 
I12f 1. 

FN (3. The Board's decision did not 
expressly make any independent facniai 
determinations or legal conclusions. 
Rather, the Board stated that it "agreefd] 
with the examiner's well reasoned, well 
stated and fully supported by citation of 
relevant precedent position in every 
particular, and any further comment which 
we might add would be redundant." Ex 
parte Brana et ai. No. 92-1 196 (Bd.Pat.App. 
& Int. March 1 9, 1993) at 2-3. Therefore, 



reference in this opinion to Board findings 
are actually arguments made by the 
examiner which have been expressly 
adopted by the Board. 

1. 

US The first basis for the Board's decision was that 
the applicants' specification failed to disclose a 
specific disease agamst which the claimed 
compounds are useful, and therefore, absent undue 
experimentation, one of ordinaiy skill in the art was 
precluded from using the invention. See Hvhntech 
Inc. V. Monoclon al Antibodies. Inc.. ^02 F.l^ 1167, 
1384, 231 USPO 81. 94 (^Fed.Cir. 1986V cert, denied. 
480 U.S. 9 47. 107 S.Ct. 1606. 94 L.F.d.2d 792 n987) 
In support, the Commissioner argues that the 
disclosed uses in *1565 the '944 application, namely 
the **treatment of diseases" and "antitumor 
substfflices," are similar to the nebulous disclosure 
found insufficient in In re Kirk. 376 F.2d 936. I 'il 
USPQ 48 rCCPA 1967). This argument is not 
without merit. 

In Kirk applicants claimed a new class of steroid 
compounds. One of the alleged utilities disclosed 
in the specification was that these compounds 
possessed "high biological activity.*' Id at 938. I ^} 
USPO at 50. The specification, however, fiiiled to 
disclose which biological properties made the 
compounds useful. Moreover, the court found that 
known specific uses of similar compounds did not 
cure this defect since there was no disclosure in the 
specification that the properties of the claimed 
compounds were the same as those of the knovm 
similar compounds. Id, at 942. 153 USPO at Si 
Furthermore, it was not alleged that one of skill in the 
art would have known of any specific uses, and 
therefore, the court concluded this alleged use was 
too obscure to enable one of skill in the art to use the 
claimed invention. See also Kawai v. Metlt^^in^ ^ 
480 F.2d 88Q. 178 USPO 1 (CCPA 1971) 

Kirk would potentially be dispositive of this case 
were the above-mentioned language the only 
assertion of utility found in the '944 application. 
Applicants' specification, however, also states that 
the claimed compounds have "a better action and a 
better action spectrum as antitumor substances" than 
known compounds, specifically those analyzed in 
Paull. As previously noted, see supra note 4, Paull 
grouped various benzo[de]isoquinoIine-I,3-diones, 
which had previously been tested in vivo for 
antitumor activity against two lymphocytic leukemia 
tumor models (P388 and LI 2 10), into various 
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structural classifications and analyzed the test results 
of the groups (i.e. what percent of the compounds in 
the particular group showed success against the 
tumor models). Since one of the tested compounds, 
NSC 308847, was found to be highly effective 
against these two lymphocytic leukemia tumor 
models, ^ applicants' favorable comparison 
implicitly asserts that their claimed compounds are 
highly effective (i.e. useful) against lymphocytic 
leukemia. An alleged use against this particular 
type of cancer is much more specific than the vaguely 
intimated uses rejected by the courts in Kirk and 
Kawau See, e.g.. Cross v. n=uka. 753 F ^d at 1048, 
224 USPQ at 745 (finding the disclosed practical 
utility for the claimed compounds-the inhibition of 
thromboxane synthetase in human or bovine platelet 
microsomes-sufficientty specific to satisfy the 
threshold requirement in Kirk and KawaL) 



FNH. PauU also found NSC 308847 to be 
effective against two other test models, B16 
melanoma and Colon CS72. 

12] The Commissioner contends, however, that 
P388 and L1210 are not diseases since the only way 
an animal can get sick from P388 is by a direct 
injection of the cell line. The Commissioner 
therefore concludes that applicants' reference to Paull 
in their specification does not provide a specific 
disease against which the claimed compounds can be 
used. We disagree. 

As applicants point out, the P388 and L1210 cell 
lines, though technically labeled tumor models, were 
originally derived from lymphocytic leukemias in 
mice. Therefore, the P3 88 and L 1 2 1 0 cell lines do 
represent actual specific lymphocytic tumors; these 
models will produce this particular disease once 
implanted in mice. If applicants were required to 
wait until an animal naturally developed this specific 
tumor before testing the effectiveness of a compound 
against the tumor in vivo, as would be implied from 
the Commissioner's argument, there would be no 
effective way to test compounds In vivo on a large 
scale. 

We conclude that these tumor models represent a 
specific disease against which the claimed 
compounds are alleged to be effective. 
Accordingly, in light of the explicit reference lo Paull. 
applicants* specification alleges a sufficiently specific 
use. 
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2, 

131 111 The second basis for the Board's rejection 
was that, even if the specification did allege a 
specific use, applicants failed to *1566 prove that the 
claimed compounds are useful. Citing various 
references. ^ tfie Board found, and the 
Conunissioner now argues, that the tests offered by 
the applicants to prove utility were inadequate to 
convince one of ordinary skill in the art that the 
l^med compounds are useful as antitumor agents. 



FNil, See Pazriur et al.. Correlation of 
Murine Antitumor Models in Predicting 
Clinical Drug Activity in Non-Small Cell 
Lung Cancer: A Six Year Experience, 3 
Proceedings Am.Soc.Clin.Oncology 219 
(1984); Martin et al., Role of Murine 
Tumor Models in Cancer Research, 46 
Cancer Research 2 1 89 (April 1 986). 

FN16^ As noted, this would appear to be a 1 
101 issue, rather than g 112 . 

This court's predecessor has stated: 
[A] specification disclosure which contains a 
teaching of fte manner and process of making and 
usmg the invention in terms which correspond in 
scope to those used in describing and defining the 
subject matter sought to be patented must be taken as 
in compliance with the enabling requirement of the 

first paragraph of ^ Li2 unless there is reason to 

doubt the objective tmth of the statements contained 
therein which must be relied on for enabling support. 

Ln re Marzocchi. 439 F 2d 220. 223 169 USPQ 3fi7 , 
369 (CCPA 1971) . From this it follows that the 
FTO has the initial burden of challenging a 
presumptively correct assertion of utility in the 
disclosure. Id at 224. 16 9 USPQ m M(\ Only 
after the PTO provides evidence showing that one of 
ordinary skill in the art would reasonably doubt the 
asserted utility does the burden shift to the applicant 
to provide rebuttal evidence sufficient to convince 
such a person of the invention's asserted utility 
See In re BundK> ^42 F 430, 4^^ , im usPQ 4^ ', 



FNI7, See also In re Novak. 306 F 2d 924 
928, 134 USPQ 335. 317 f CrPA iqa->) 
(stating that it is proper for the examiner to 
request evidence to substantiate an asserted 
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utility unless one with ordinary skill in the 
art would accept the allegations as obviously 
valid and correct); In re ChilowskxK 219 
F.2d 457, 462_ 10 8 USPO 121 325 fCCPA 
1956) ("[W]here the mode of operation 
alleged can be readily understood and 
conforms to the known laws of physics and 
chemistry ... no further evidence is 
required."). But see In re MarzncchL 
F.2d at 223. 169 USPO at 1fi0-7n ("in the 
field of chemistry generally there may be 
times when the well-known unpredictability 
of chemical reactions will alone be enough 
to create a reasonable doubt as to the 
accuracy of a particular broad statement put 
forward as enabling support for a claim. 
This will especially be the case where the 
statement is, on its face, contrary to 
generally accepted scientific principles.")- 

£51 The PTO has not met this initial burden. The 
references cited by the Board, Pazdur and Martin, 
do not question the usefulness of any compound 
as an antitumor agent or provide any other evidence 
to cause one of skill in the art to question the asserted 
utility of applicants' compounds. Rather, these 
references merely discuss the therapeutic predictive 
value of in vivo murine tests-relevant only if 
applicants must prove the ultimate value in humans 
of their asserted utility. Likewise, we do not find 
that the nature of applicants' invention alone would 
cause one of skill in the art to reasonably doubt the 
asserted usefulness. 



FN 18. See supra note 1 5. 

The purpose of treating cancer with chemical 
compounds does not suggest an inherently 
unbelievable undertaking or involve implausible 
scientific principles. In re Joiles. 628 F.2d at n?7 , 
206 USPQ at 890. Modem science has previously 
identified numerous successful chemotherapeutic 
agents. In addition, the prior art, specifically Zee 
Cheng et al., discloses structurally similar 
compounds to those claimed by the applicants which 
have been proven In vivo to be effective as 
chemotherapeutic agents against various tumor 
models. 

Taking these facts-the nature of the invention and the 
PTO's proffered evidence-into consideration we 
conclude that one skilled in the art would be without 
basis to reasonably doubt applicants' asserted utility 
on its face. The PTO thus has not satisfied its 
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mitial burden. Accordingly, applicants should not 
have been required to substantiate their 
presumptively correct disclosure to avoid a rejection 
under the first paragraph of $ 112 . See In re 
Marzocchi. 439 F.2ff 37 4. 169 USPO at }f f) 

£61 We do not rest our decision there, however 
Even if one skilled in the ait *I567 would have 
reasonably questioned the asserted utility, i.e., even if 
the PTO met its initial burden thereby shifting the 
burden to the applicants to offer rebuttal evidence, 
applicants proffered sufficient evidence to convince 
one of skill in the art of the asserted utility. In 
particular, applicants provided through Dr. Kluge's 
declaration ^ test results showing that several 
compounds within the scope of the claims exhibited 
significant antimmor activity against the L1210 
standard tumor model in vivo. Such evidence 
alone should have been sufficient to satisfy 
applicants' burden. 



FN 19 , The declaration of Michael Kluge 
was signed and dated June 19, 1 99 1 . This 
declaration listed test results (i.e. antitumor 
activity) of the claimed compounds, in vivo, 
against L1210 tumor cells and concluded 
that these compounds would likely be 
clinically useftil as anti-cancer agents. 
Enablement, or utility, is determined as of 
the application filing date. Jn re Glass 492 
F.2d 1228. \2M^ 181 tJSPO 34 rCCPA 
1974). The fCluge declaration, though 
dated after applicants' filing date, can be 
used to substantiate any doubts as to the 
asserted utility since this pertains to the 
accuracy of a statement already in the 
specification. In re Marzocchi. 439 F 2H nt 
224 n. 4. 16 9 USPQ at 170 n d n does 
not render an insufficient disclosure 
enabling, but instead goes to prove that the 
disclosure was in fact enabling when filed 
(i.e., demonstrated utility). 

01 The prior art further supports the conclusion that 
one skilled in the art would be convinced of the 
applicants' asserted utility. As previously 

mentioned, prior art-Zee Cheng et al. and 
Paull-disclosed structurally similar compounds which 
were proven in vivo against various tumor models to 
be effective as chemotherapeutic agents. Although 
It IS true that minor changes in chemical compounds 
can radically alter their effects on the human body 
Kawai, 480 F.2d at 891. 1 78 I fSPO at 167, evidence' 
of success in structurally similar compounds is 
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relevant in determining whether one skilled in the ait 
would believe an asserted utility. See Rev-Bellet v. 
En^elhardi. 493 F.2d 11 80. 18 i HSPQ 453 (CCPA 
I974'>: KawaL 480 F.2d 880. 178 USPO 158 

The Commissioner counters that such in vivo tests in 
animals are only preclinical tests to determine 
whether a compound is suitable for processing in the 
second stage of testing, by which he apparently 
means in vivo testing in humans, and dierefore are 
not reasonably predictive of the success of the 
^med compounds for treating cancer in humans. 
— ^ The Commissioner, as did the Board, contuses 
the requirements under the law for obtaining a patent 
with the requirements for obtaining government 
approval to market a particular drug for human 
consumption. See Scott v. Finnev. 34 F.iri tnss , 
1 063, ^ 32 USPQ2d 111 5. 1 120 f Fed.Cir. 1 994^1 
("Testing for the full safety and effectiveness of a 
prosthetic device is more properly left to the Food 
and Drug Administration (FDA). Title 35 does not 
demand that such human testing occur within the 
confines of Patent and Trademark Office (PTO) 
proceedings.")- 



FN20. We note that this discussion is 
relevant to the earlier discussion as well. 
If we were to conclude that these in vivo 
tests are insufficient to establish useililness 
for the claimed compounds, that would bear 
on the issue of whether one skilled tn the art 
would, in light of the structurally similar 
compounds in Paull and Zee Cheng et aL, 
have cause to doubt applicants' asserted 
usefulness for the compounds. 

Our court's predecessor has determined that proof of 
an alleged pharmaceutical property for a compound 
by statistically significant tests with standard 
experimental animals is sufficient to establish utility 
/n re Krimmel. 292 F.2d 948. 953 HQ USPO 21 S , 
219 fCCPA 1961); see aiso In re Ber^ei. 292 F 2d 
9.58. 130 USPO 205 (CCPA 1961) m concluding 
that similar in vivo tests were adequate proof of 
utility the court in In re Krimmel stated: 
We hold as we do because it is our firm conviction 
that one who has taught the public that a compound 
e?diibits some desirable pharmaceutical property in a 
standard experimental animal has made a significant 
and useful contribution to the art, even though it may 
eventually appear that the compound is without value 
in the treatment in humans. 

Krimmel, 292 F.2d at 953. 130 USPO at 219 . 
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Moreover, NCI apparently believes these tests are 
statistically significant because it has explicitly 
recognized both the P388 and L1210 murine tumor 
models as standard screening tests for determining 
whether new *1568 compounds may be useful as 
antitumor agents. 

In flie context of Ais case the Martin and Pazdur 
references, on which the Commissioner relies, do not 
convince us odierwise. Pazdur only questions the 
reliability of the screening tests against lung cancer; 
it says nothing regarding other types of tumors. 
Although the Martin reference does note that some 
laboratory oncologists are skeptical about the 
predictive value of ht vivo murine tumor models for 
human therapy, Martin recognizes that these tumor 
models continue to contribute to an increasing human 
cure rate. In fact, the authors conclude that this 
perception (i.e. lack of predictive reliability) is not 
tenable in light of present information. 

On the basis of animal studies, and controlled testing 
in a limited number of humans (referred to as Phase I 
testing), the Food and Drug Administration may 
authorize Phase 11 clinical studies. See 21 U.S C § 
^^^nXl) ; 21 C.F.R. S 312.23ra¥5) . (aKKl /l994) . 
Authorization for a Phase II study means that the 
drug may be administered to a larger number of 
humans, but still under strictly supervised conditions. 
The purpose of ttie Phase 11 study is to determine 
primarily the safety of the drug when administered to 
a larger human population, as well as its potential 
efficacy under different dosage regimes. See 21 
C.F.R. S 312 21( h ) — 

£81 FDA approval, however, is not a prerequisite for 
finding a con^und useful within the meaning of the 
patent laws. Scon. 34 F,3d 1058. {Ofi3. 32 USP0 2d 
^^^^^ ^^^Q - Usefulness in patent law, and in 
particular in the context of pharmaceutical inventions, 
necessarily includes the expectation of further 
research and development. The stage at which an 
invention in this field becomes useful is well before it 
is ready to be administered to humans. Were we to 
requh*e Phase 11 testing in order to prove utility, the 
associated costs would prevent many companies from 
obtaining patent protection on promising new 
mventions, thereby eliminating an incentive to pursue, 
through research and development, potential cures in' 
many crucial areas such as the treatment of cancer. 

In view of all the foregoing, we conclude that 
applicants' disclosure complies with the requii^ments 
of35U.S.CS 112^ I 
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3. 

jSJ The Commissioner takes this opportunity to 
raise the question of this court's standard of review 
when deciding cases on appeal from the PTO. 
Traditionaliy we have recited our standard of review 
to be, with regard to questions of law, that review is 
without deference to the views of the Agency, In re 
Donaldson. 16 F.3d 1189. 1192 29 USP02d 1«4S, 
1848 (Fed Cir,1994^ (in banc), fn re Cavenev 761 
F.2d 671, 674. 226 USPO 1. 3 rFed.Cir lOa^s^ «nd 
with regard to questions of fact, we defer to the 
Agency unless its findings are "clearly erroneous." 

^ 8-^ re Baxter Travenol Labs. 952 F.2d 388, 
21 USP02d 1281 rFed Ctr t9QlV re Woodruff s 
919 F.2d 1575. 16 nSP02d 1934 (Fed.Cir l990) > 
In re De Biauwe. 736 F.2d 699. 222 USPO 19 1 
fFed.Cir.1984). 

£10] With regard to judgment calls, those questions 
that fall "[sjome where near the middle of the fact-law 
spectrum," this court has recognized "the falseness of 
the fact-law dichotomy, since the determination at 
issue, involving as it does the application of a general 
legal standard to particular fects. is probably most 
realistically described as neither of fact nor law, but 
Campbell v. Merit Systems protection 
Board. 21 F.3d 1560. 1565 f Fed.Cir. 1 994). When 
these questions of judgment are before us, whether 
we defer, and the extent to which we defer, turns on 
the nature of the case and the nature of the judgment. 
Id C'Characterization therefore must follow from 
an a priori decision as to whether deferring ... is 
sound judicial policy. We would be less than 
candid to suggest otherwise.'*)- 

The Commissioner contends that the appropriate 
standard of review for this court regarding questions 
of law, of fact, and mixed questions of law and fact, 
coming to us from the PTO is found in the 
Administrative Procedure Act (APA) at 5 U.S.C. § 
70^. The standard set out there is tiiat "[t]he 
reviewing court shall ... hold unlawful and set aside 
agency action, findings, and conclusions found to 
be-(A) arbitrary, capricious, an *1569 abuse of 
discretion, or otherwise not in accordance with 
law; (E) unsupported by substantial evidence...." 
The Commissioner is of the view that the stated 
standard we now use, which is the traditional 
standard of review for matters coming from a trial 
court, is not appropriate for decisions coming from an 
agency with presumed expertise in the subject area, 
and is not in accord with law. 



FN2L Congress enacted the Administrative 
Procedure Act (APA) on June 11, 1946. 
See 1 Kenneth Culp Davis, Administrative 
Law Treatise, § 1:7 (2d ed. 1978). The 
APA sets forth a framework for 
administrative agency procedure and 
provides Judicial review for persons 
adversely affected by fmal agency actions. 
Chapter 7, codified at 5 U.S.C. ^ 70K 7Q6. 
contains the APA judicial review provisions, 
including the standard of review provision 
quoted above. 

Applicants argue that by custom and tradition, 
recognized by the law of this court, the standard of 
review we have applied, even though inconsistent 
with the standard set forth in the APA, nevertheless is 
a permissible standard. In our consideration of this 
issue, there is a reality check: would it matter to the 
outcome in a given case which formulation of the 
standard a court articulates in arriving at its decision? 
The answer no doubt must be that, even though in 
some cases it might not matter, in others it would, 
otherwise the lengthy debates about the meaning of 
these formulations and the circumstances in which 
they apply would be unnecessary. 

A preliminary question, then, is whether this is one of 
those cases in which a difference in fte standard of 
review would make a difference in the outcome. 
The ultimate issue is whether the Board correctly 
applied the § 1 12 f 1 enablement mandate and its 
implicit requirement of practical utility, or perhaps 
more accurately the underlymg requirement of ^ 
iiU, to the facts of this case. As we have 
explained, the issue breaks down into two subsidiary 
issues: ( I ) whether a person of ordinary skill in the 
art would conclude that the applicants had 
sufficiently described particular diseases addressed 
by the invention, and (2) whether the Patent Act 
supports a requirement that makes human testing a 
prerequisite to patentability under the circumstances 
of this case. 

The first subsidiary issue, whether the application 
adequately described particular diseases, calls for a 
judgment about what the various representations and 
discussions contained in the patent application's 
specification would say to a person of ordinary skill 
in the art. We have considered that question 
carefully, and, for the reasons we explained above in 
some detail, we conclude that the Board's judgment 
on this question was erroneous. Our conclusion 
rests on our understanding of what a person skilled in 
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the art would gather from the various art cited, and 
from the statements in the application itself. We 
consider the Board's error to be sufficiently clear that 
it is reversible whether viewed as clear error or as 
resulting in an arbitrary and capricious decision. 

The second subsidiary issue, whether human testing 
is a prerequisite to patentability, is a pure question of 
law: what does the practical utility requirement 
mean in a case of this kind. Under either our 
traditional standard or under the APA standard no 
deference is owed the Agency on a question of law, 
and none was accorded. 

If the question concerning the standard of review, 
raised by the Commissioner, is to be addressed 
meaningfully, it must arise in a case in which the 
decision will turn on that question, and, recognizing 
this, the parties fiilly brief the issue. This is not 
that case. We conclude that it is not necessary to 
the disposition of this case to address the question 
raised by the Commissioner; accordingly, we 
decline the invitation to do so. 



The Board erred in affirming ttie examiner's rejection 



reversed. 

REVERSED, 

C.A.Fed.,1995. 
In re Br^a 

51 F.3d 1560,34 U.S.P.Q.2d 1436, 63 USLW 2656 
END OF DOCUMENT 



III. CONCLUSION 




The decision is 
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Recent Advances in PDE4 Inhibitors as fmmunoreguiators and Anti- 
Inflammatory Drugs 



Catherine Bumouf* and Marie-Pierre Pruniaux 



FJizcr Globai Research & Developmeitt. Fresnes iMhoratories. i a 9 me Je ta J^ge, 94265 
FresM£S, France 

Abi^tract: The phosphodiesterases (POt'9) arc responsible far fhe hyUrolysis of 
iftiraccllulaf cyclic (Klenosinc and gusnosine iiioiM^hosphaic (cA^fP and cGMP, 
respectively). They are cltte'siflcd into H major Bunilics (PDEl-U) ami ihc type 4 
phosphodiesterase (PDF.4J is a cAMP-spccific enzyme iMalized ir> airway smooth muscle 
cells as well as in iinmunc and inflaminaiory cells. The PDE4 activity is associated with a 
wide variety oF diseases some of which have been related to nn tnflummaiory state, (e.g. 
asthma, chronic obstruclivc pulmonary disease (COPD), rheuiiutoid inthrilis (RA)) while 

others have recently been connected to autoimmune pathology. Therefore, an intense 

cHbrt iQward ihe development of PDF,4 inhibitors haft been generated for (he last decade. Unfortunately, the efTects 
of pcou>iypePDl-:4 iithibitors liave been compromised by side effects such as nausea and emesis and the clinical 
use of those compounds is siitl litnited. Several companies have focused on the design of a new generation of 
PDTi4 inhibitors dissociating beneficial activity and adverse eflVcts. 'ITiis review highlights the recent data of the 
m05l advanced ciinicaf candidates, the design and structure activity relationships of the recent structural scries 
reported in the literature over the Jast two years, jis well as recent advances in (he multip/e (hci^apeutic indications 
of PDE4 inhibitors (a review with 37S r^^erences). 




INTRODUCTION 

The cyclic nuc(i»tidcs cAMP and cGMP arc tiirniccilular 
second nwsscngcrs that mediate many physiological, 
processes. At high concentration these nucleotides bind to 
specific protein kinases (PKA and PKB). The subsequent 
activation of these kinuscs induces the phosphorybtion of a 
wi<k; variety of substrates that modify cellular responses. 
The levels of the cyclic nucleotides arc regulated by the rules 
of riic related synthesis and degradation: Ihc synthesis is 
g^ieratcd from ATP and OTP by adenylate and guanylaic 
cyclases that arc activated by 0-prutcin coupled receptors and 
the dci;nidat!on is linked to phosphodiesterase actmty. The 
PDEs comprise a large supcrfan>ily of proteins whose 
members arc responsible for the hydrolysis of cAMP and 
cGMP to the corrcsfKjnding inactive nucleoside 5'- 
monophosphatcs AMP and GMP, respectively. The 
c lass i Heal ion of PD13 enzymes into il families with several 
differcnl species including subtypes and .splice variants has 
bccti described 1 1 -3 J. Very recently, much progress in the 
PDE field has been {mjvidcd with the discovery and the 
characterisation of several new phosphodiesterase gcrwii {4\ 
/nctuding PDE7 f5-7|, PDE8 f8-V). PDE9 [10}. PDEIO (II- 
15] and PDEli [16-17]. The availability of phospho- 
diesterase isocjizyines as pure recombinant proteins has 
greatly focilitatcd die idcmlftcatton of potent* selcctsve 
inhibttot^. The pf^ential of ih<»c it^ibhors to 
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*t. Dcvct»pmcnl, Frcmev l.-^ator<CS. J a 9 rii« de ta Luge, 442fv.f 
Picsnes. KfitnKr. I«I: 01 4U 96 76 00; Hiw: 0! 40 % 76 (f7: E-raaiJ: 
Calbcr«Re.bunwuf{i£tpftzef.cunt 



therapeutically exploit the inolccuiar divas ity of the 
f^o^hodicsterases has prot^-sscd significantly [I8't, 

cAMP specific PDE4 has emerged as the predominant 
isocn/ytne in innaminatory celJs and in pulmonary smooth 
i^iusclc cells. The PDE4 family is comprised of four genes 
(PDE4A to D) 1 1 9| with a uniijuc chromosomal location fwr 
gene (20-2)]. Due to alternative splicing of the genes, 
multipie spHee variants are reported and classified into two 
niain groups, (he long and short forms. All subtypes provide 
a conserved catalytic domain (-270 amino acids) and the 
absence or presence, respectively for short and long form, of 
two additional regions UCRI (upstream conserved region 1) 
and UCR2 within the N-terminus [22-23]. The four subtypes 
are found differentially expressed among tissues and cells 
124-25 1. PDE4A, PDe4B and PDE4D gene products are 
found in most immune and inflammatory cells [25-32 1. 
PDE4A, P0E4D and PDE4C gene are expressed in airway 
epithelial cells [33-34}. The four genes arc expressed in the 
brain showing a differential distribution wiihin the T%gion» 
[31,35-36). 

i>uring Ihc !»» decade, nunwrous preclinical studies have 
dcnumhratcd the modulation of in^ammatury and 
immunocompctenl cell activation by selective PDE4 
inhibitors, supporting their potcniial use as emerging 
therapies in various inflammatory and immune disca-scs. 
More recently, a few clinical trials have confirmed the 
hypothesis that PDE4 inhibitors may provide benefit in the 
treatmcni of chronic aiiway diseases such as asthma and 
COPD. This review highlights the most neccni advances in 
the design of PDE4 mhibirors as a new class of anti- 
inflammatory and itnmimomodulatory dnigs. 
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EFFECTS ON IMFLAMMATOKV CELLS 

The rccruiimcnt of activated irnaminalory cells at llic 
silc of injury is one of the key charactcmtics of 
inOuinniation While (his process remains itssxxiXxal for the 
homcostasi;;, in some particular conditions, cell rccniitnient 
becomes excessive and coitLributcs to the worsening antl the 
chronicity of the disease. Activation of inflammarory cells is 
oharacleri>:od by the release of various pro-innammatory 
mediators such as histamine, icukotricnes, granule proteins, 
oxygcn-dcrived metabolites* cytokines which exert a 
deleterious effect on elTcctor ttstsues. PDE^ is the most 
represented PDE in infliimmaiory cells and the inhibtlion of 
P0B4 activity ha« bc(»i extensively studied in diese celi 
typCR generating a wide range of*/n vitra at^ in vh>o data. 



Basophils 

PDE3, PDE4 and PDE5 arc present in huntan basophils 
[37]. Selective inhibition of PDE4 in this cell type leads to 
the down-regulation of anii-immunoglolnilin E (IgG)- 
induccd histamine and Icukotricnc C4 (LTC4) rclea^ {38-391 
with a maximum of activity around SO to 60% iRhtbili'ai. 
An inhibitoiy cfTcct on intcHetikin (ILVH and 1L-4 release 
from mite altcrgen-stiinulated asdunatic human basophils 
wa« also deso-ibcd with rotiprant (40|. 



Masi Cdls 

Few data only arc avaibbic regarding the effects of non 
selective PDE inhibitors in primary human mast cells^ whac 
PDE3, PDE4 and PDE5 arc all expressed. For example, 3- 
i.wbutyl.|>racthylxafuhine (IBMX) produces a strong 
inhibition of anii IgE-induccd cysicinyl Icukotriene and 
prostaglandin D2 (POD2) release from mast cells, an effect 
that is reported not to be due to PDE4 inhibition [39]. In 
mast cell like cultured human cord blood mononuclear cells, 
selective PDE4 inhibitors inhibit granulocyte macropliagc- 
colony stimulating factor (GM-CSF), IL-5 and macrophage 
inflammatory protein la (MlPla) rclcaiK; but not histamine 
orPGD^ release following antMgE stimulation [41-42]. No 
effects arc reported rc^rding proteases, platelct^activating 
factor (PAF), adenosine, tumor necrosis factor a (TNFa) 
and other mast cell derived cytokines. 



Eosinophils 

Both PDE3 and PDE4 arc represented in human 
eosinophils. Particularly, PDE4A, B and D subtypes but not 
PDE4C arc expressed in this cell type [29). Eosinophils, 
that play an important role in the pathophysiology of 
asthma, have been extensively studied in the context of 
PDE4 inhibition. Selective PD64 inhibitors block 
superoxide and reactive oxygen species formation [43-47] 
and LTC4 release {48-49]. The production of granule 
proteins such as eosinophil -derived neurotoxin (BDN) and 
eosinophil cattonic protein (ECP) is down-regulated by 
PDE4 inhibitors alone (50-5 1| while the inhibition of 
eosinofrfitl peroxidase (EPO) release reiiutres a con>bination 
of the POE4 inhibitor with salbutamot [52]. Complement 



factor C5a-, PAF- and eotaxin- induced eosinophil 
chemotaxis ^ well as PAF-, cotaxin- and CM-CSF-tnduccd 
CDI lb (ttM subunit of Mac I) up-rcgutation can also be 
inhibited by PDE4 inhibitors [51, 53-54}, Finally, the eflect 
of PDE4 inhibitors on IL-5-induccd eosinophil survival was 
also demonstrated [51]. In v/vo, the effect of PDE4 
inhibitors on eosinophil recruitment was even more studied 
using different models. In sensitized and ovalbumin 
challenge mice, PDE4 inhibitors significantly block 
eosinophil but also lymphoc>'tc imd neutrophil recruitments, 
prevent IL-4 and IL-5 accumulation in the bronchoalveolar 
lavage (BAL) fluids and changes in airway ftinciions [55|, 
PDE4 inhibitors also suppress scphadex- [56]^ rcspiratoty 
synciiial virus (RSVy-induccd [57], LTD4- {5«(, JL-5 (59J 
and antigen-induced e(^inophil infiltration into the lungs of 
guinea pigs [45, 58, 60-621, rats (63) ferrets [641 and 
monkeys [65-66]. 



Neulropfails 

Ncuttvphils play an important role in innammatory 
diseases, accumulating rapidly at the site of injury or 
infection, fn neutrophils, cAMP is primarily hydroly^cd by 
PDE4 and PDB4B2 is the predominent vatiant [67]. PDE4 
inhibitors suppress a range of neutrophil functions^ 
including superoxide production [38. 68/, granule secr^rfion 
[38J, IL-8 release [69], adhesion molecidc expression [54 j» 
chemotaxis and adhesion [68, 70], human lung clastase 
release and expression [71] and LTB4 biosynthesis [49, 72) 
but do not compromise phagocytosis or microbial killing 
[68]. Inhibition of PDE4 with appropriate activation of 
adenylate cyclase is sufficient to inhibit induction of E- 
sclcciin expression on human lung microvascular endothelial 
cells to a level that has functional consequences for 
neutrophil adhesion [73]. In vfvo. PDEi4 inhibitors block 
lipopolysaccharidc (LPS)-induccd neutrophilia in 
bronchoalvcolar lavages of rats [74-75] and guinea pigs [76- 
77]. ovalbumin-induccd BAL neutrophilia in sensitized xtCvcK 
[55] and rats [78] and LPS-induct^ ['"InJ- 
polymorphonuclcar cell trapping in the lungs of rabbiUi [79|. 



Monocytc»/Macrophage<i 

The importance of mononuclear phagocytes in 
\n^i3imm:it\ox\ is due to their complementary and intcirclatcd 
functions, blood monocytes being the circulating precursors 
of tijwuc macrophages. While PDE4 is predominent in 
human monocytes, PDC3 activity incixmscs and PDE I and 5 
appear when monocytes dilfcrcnciate into macroptiages [80- 
R2]. One of the major effects of PDE4 inhibitors is pr<^ably 
their ability to dowti-rcgulatc LPS-iiiduced fNFa 
production. White this inhibitoiy effect on TNFa is 
complete and extremely potent in monocytes [38, 83) it 
becomes less pronounced in macrophages [47. 80] probably 
due the decline of PDE4 activity in chis cell type. One stutly 
reports an increase in total cAMP PDE activity in 
nwnocytes tiikcn from mild asymptomatic a.sthmatics 
compared to Inralihy subjects, rctk-cted by an increase in the 
proportion of PD63 and a decrease in the proportion of 
PDE4, However^ this augmented enzyme activity was not 
associated with an altctation in the ability of PDE4 



Recent Ad^-ances in fUH4 inhibitors 

inhibitors lo prevent TNFa release from mcmocytes in 
asthmatics compared to healthy indtvtduai$ |84]. PDE4 
activity is ufwcgulatcd in activated human peripheral blood 
mononuclear cells (PBiVfCs) |85|; furthermore, in human 
monocytes activated by LPS» it was suggested that only ihc 
Pi}£4B gene was induced and that this uprcgulation could 
be inhibited by IL-IO [67, 86], PDE4 inhibiion? block in a 
lesser extent the release of IL-ip 187-88] or CpM-CSP IS9| 
from primary monocytes or human PBMCs stimulated with 
LPS. Ccmtradictory data arc r^orted on tL-IO release with 
cither an enhancing effect of PDB4 inhibitots when PBMCs 
arc stimulated with LPS [90] or an inhibitory ctTcct when 
PBMCs arc stimulated with phytohcmagglutininc (PHA) 
191], The production of LTI34, LTC4 and the release of 
arachtdonatc from human monocytes arc also affected by 
PDE4 inhibitors f92-93). A few studies on human 
macrophages report little or no effects of selective PDE4 
inhibitors on respiratory buret, thromboxane B2 (TXBi) or 
LTB4 release f 94-96 j while in guinea pigs alveolar 
macropliagcs, signiikant inhibitory effects were shown on 
arachidonate release [97|. In vivot numerous studies report 
the ability of PDE4 inhibitors to reduce TNPa release in the 
blood or in BAL fluids of various species [61, 75-76» 98J. 



Endufheliai Cells 

Endothelial cells play a major role during intlammation 
by allowing inllammatory and immunocompetent celt to 
migrate from the circulation to Ihc inllitmcd tissues. This 
process includes the increased permeability of citdothcUal 
layers and the up-regulattcm of aiAicsion molecules on the 
surface of endothelial cells. Inhibition of PDE4 with 
appropriate activation of adenylate cyclase is sufficient to 
inhibit induction of E-sclcctin expression on human lung 
microvascular endothelial cells (HLMVEC) to a level that 
has functional consequences for neutrophil adhesion. In 
contrast, combined inhibition of PDE3 and 4 isoenzymes is 
necessary to block vascular cell adhesion molecule ( VCAM)- 
1 and to have inhibitory effects on eosinophil adhesion to 
activated MLMVEC. Finally, uprcgulation of intercellular 
adhesion molecule (ICAM)- 1 expression on HLMVEC docs 
not appear to be modulated by PDB3 and PDE4 inhibition 
[73j. Similarly in human vascular endothelial cells in 
culture, rolipram in combination with forskrolin inhibits 
TNFa-, LPS- or phorbol myristaec acctcr (PMA)-induccd E- 
selcctin expression but has little effect on ICAM-I 
expression [99J, The effects of PDE4 inhibitors on plasma 
cxtrava.sation were mainly studied in in vivo models of 
pulmonary inilammation in rats, mice and guinea-pigs, 
PDE4 inhibiEors suppress leakage induo^ by scvcmt 
stimuli, including antigen, PAK» histamine, LPS and lL-2 
[100-1051- 



Epilbelial Cells 

Epithelial cells actively participate in inflammatory 
disease by liberating mtaliaiors such as arachiffonatc 
metabolite and cytokines. Human bronchial cpithchal cells 
express a low total PDE activity, made up predomiiutntly of 
PDOl and PDE4 |I06J. PDE5 as well as P0E7 arc also 
detected in primary cultures of human airway epithelium. In 
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these cells, enhanced cAMP levels, induced by forskolin and 
PI)E4 inhibiiicm, incTcascd the formation of PGB2, but not 
of tL-8 or IS-hydroxyckosatctracnotc acid (IS-HETB) 
whereas increased cGMP levels provoked by PDK5 
inhibition reduced the PGEi synthesis (34 J. A selective 
PDE4 inhibitor can significantly block TNFa and OM-CSF 
but not lL-8 release from bronchial cptlhclial celts isolated 
from COPD patients [107]. In v/vo, PDG4 inhibiiors have 
been reported to exert a protective action on epithelium and 
to modulate tissue remodeling following ozone or antigen 
exposure, probably by down-rcgutating the activity of 
various proteins such as matrix metalloprotcinasc (iVIMP>-9 
3nd[L-6 (76, iOS>l09|. 



EFFECTS ON IMMUN£ CELLS 

Dendritic Cells 

Only few studies report the effects of selective P0B4 
inhibitors on dendritic cells. During dificrcncialion of 
human nK}nocytcs to dendritic cells, a drastic decrease in 
PDK4 activity was observed, while activities of PDE I and 
PDE3 substantially increased. In these cells, selective PDE4 
inhibitors block the production of TNFa in response to LPS 
stimulation. Moreover, rolipram, in combination with a 
selective PDE3 inhibitor produced a synci^istic inhibitory 
effect on CD4f T cell proHfcraiton in rc$p<»isc to antigen 
presentation by dendritic Mils [47, I lOJ. 



Lymphocytes 

T lymphocytes play a key role in coordinating the 
immune response. These cells express PDB4, PDEI, PDE3, 
PDE5 and PDE7. The distribution of PDE4 activity appears 
to be similar between CD4f- and CD8 i- lymphocytes f29j 
but elevated levels of PDE4 mRNA as well as increased 
cAMP PDB activity have been reported in the CD4 + T cells 
of atopic donors compared to non atopic f 1 1 1-1 i2J. Another 
study reports the presence of PDE4A, PDE4B and PDE4D 
isoforms in CD4-t and CD8+ lymphocytes with no 
significant differences observed between healthy and 
asthmatic subjects ( 1 1 3 1. While the expression of the variotts 
PDt-4 isoforms has been identified in T helper <Th>-1 and 
Th-2 clones [I I4|, it is suggested that Th-2 antigcn-specinc 
T-ccIl clones arc more sensitive to PDE4 inhibition ihan Th- 
I aiitigcn-spccilic clones [M5] and that PDE4A and PDE=1B 
play a major role against T cell proliferation f83 1. In general, 
PDE4 inhibitors prevent anti CDB/anti CD28-, PHA-, 
PMA- or antigen-induced T cell proKfcratton, IL-2, IL-4, IL- 
5,. lL-13 uitcrfcrron (INFVy production [38, 47, ll6-}2n. 
PAF and IL-S induced T cell chcmotaxis fl22|. IL-IO 
production from human PBMCs was shown 10 be reduced 
by PDE4 inhibitors, pr<*ably indirectly as a result of their 
inhibitory effect on TNFa release [91 J. 

The effects of PDE4 inhibitors on B lymphocytes have 
been less smdicd. 8 cells contain majorilary PDE4 and 
PDE3 [29, 123]. Receni studies report inhibitory ctlccts of 
rolipram on IL-4-induced IgE synthesis from hunran 
PBMCs. but no etTecis when rolipram is incubated with 
pitrilicd & cells only |I24'J suggesting a mediution via 
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tn(»iocytc$ or 1 cells. Interestingly, B eel! prutifcraiion 
following siimulatioo wiih LPS and IL-4 was poicniialcd by 
roliprstn [i25|. FiRfllfy, no cffecis have been ivponed so far 
on other immunoglobuiins. 



THERAPEUTiC POTENTIAL IN INFLAMMATORY 
AND IMMUNE DISEASES 

Because of the dual capacity of cAMP to Jowti-rcgulatc 
ttiilaminatory and immune ceil activailon and to mediate 
smooch muscle cell relaxation, PDE4 inhibitors have first 
bcm designed for the treatment of chronic inflammation of 
the airways such as asthma and COPO [126-130]. While 
PDB4 inhibitors are relatively poor bronchodilators 
compared lo (Ij-Jidrenoccplor agonists, their potential as 
agents susceptible to treat the inflammation underlying 
chronic airway diseases hat; gained the interest of nutnerous 
pbaimaccuiicat comfxinics and has been the subject of several 
recent reviews (131-139]. More recently, iheir potential as 
immunomodulatory agents has gained furtlicr interest {MO- 
HI J and several hypotheses have been bitilt regarding their 
role in allergic distwdcrs [142], autotnimune diseases [143) 
and other inflammatory diseases [144-158]. 

The therapeutic potential of PDE4 inhibitore has been 
extensively investigated in preclinical models of rheumatoid 
arthritis (RA) fl59j, atopic dennatitis [I60J, multiple 
sclerosis [161-165], Crohn's disease [166], colitis [167], 
acute lung injury (I6ftj, inflammatory pain [169-170], 
lymphoid malignancies [171-173], hypertension [174], 
osteopenia [t 75 J. erectile dysfimction [176], anxiety [177J, 
diabetes [1 78] and even infections with HIV [1 79- 1 80 j. 



DRUG OESlGiN STRATECIEvS 

Clinically, the effects of PDE4 inhibitors including the 
prototypical rolipram (I) have been iimitcd by side effects 
such as nausea and vomiting that occurred at ihen^jcuiic 
plasnu levels [18 1 -183 J. Other effects have been reported. 



mainly such as increased gastric secretion and CNS-drtven 
side effects [182, ie4.l88]. To date, no twlccUve PDfi4 
inhibitor is on the market. Rolipram, early discovered ns a 
potent and selective PDfi4 inhibitor, was the main starting 
tcn^>Iate used for the synthesis of new derivatives ( 1 89]. A 
wide variety of analogs were syntliesizcd but unfortunately 
provnding more or lesjS similar side effect profile than their 
precursor rolipram. In the last decade, companies with an 
interest in the PDE4 area have focused on the design of a 
new generation of candidates providing an improved 
therapeutic window dissociating beneficial anti-inllnnimatory 
acliviiy and emetic side effects. For this purpose, ^rious 
strategies still arc under investigation. 

One of the first strategics is the idcnliftcatton of 
inhibitors structurally unrelated to rolipram [1901- Another 
Strategy focuses on the di.scovery of candidates selectively 
inhibiting one of the two conformcrs of PDE4. This 
approach is based on the discovery that PDE4 n^ay exist in 
two different conformations. Historically, it was reported 
that in addition to binding at the catalytic site of PDH4 (Ki 
--I pM), rolipram was fotmd to bind an additional site with 
high affmity (Ki nM) named HARBS (liigb AITInity 
Rolipram Binding Site) [189]. Further scientific debate 
concluded that the two binding sites represent two 
conformcrs of PDE4 that wciv tcnncd LPDE4 (Low affinity 
rolipram binding POE4) or LAR (Low Affinity for 
Rolipram) and HPDE4 (High afllnity rolipram binding 
POE4>or HAR (High Affmity for RoHpmm) 1 131-132, 137, 
191-194]. Using a novel fluorescence resonance energy 
transfer (PRET)-bascd equilibrium P0E4 binding assay, 
recent data demonstrated that tlie two couforraations resuit 
from the reversible PDH4 binding to a cofacior (Mg2+), In 
this study, cAMP and PDE4 inhibitors including (R)- 
roliprani, cilomtlast (2), piclamilast (3) and CDP-840 (4) 
displayed a differential binding aftlnity to the apocnzyme 
(free enzyme) and to the boloenzyme (enzyme bound to 
Mg^"*"). The Mg^* binding induces a PDE4 confoimationat 
Change that produces a high affmity interaction with cAMP 
and therefore activates the catalytic mechanism [J95J. It was 
suggested that HPDE4 conformation predominates in CNS 
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1 196], whereas LDPE4 is much more important thait HPDE4 
hi iminunc md inflammatory celts 1197-199J. Scvcnd 
studies (hut not all) suggested that POE4 Inhibitors 
associated to LPDC4 conlonnation aru related to bciicfictai 
acliviiy [131. 191. 200-2051 while candidates being 
connected lo the HPDE4 confomialion provide various 
PDt4 adverse eiltccis (194, 206-2 10], 

The presence of multiple subtypes and splice variatits, 
coupled with diflfcrential expression and regulation among 
tissues and ccHs, provides » wide range of c^portuntties fcM* 
the dcvclopmeni of a new generation of selective inhibitors 
that should dissociate between beneficial activity and adverse 
cfTccis. Therefore, a related strategy attempts to identify 
inhibitors targeting one PDE4 subtype that could lead to 
increase tissue and cell selectivity, lo decrease side effects 
and finally to improve the therapeutic index [23-24, 211]. 
However, Ihere arc challenges associated with this approach: 
firstly, the high sequence homology between the subtyf^^ 
and secondly the choice of ifie subtype to be targeting [23 j. 
Ciiomilast (2) ts a unique compound in cttmcal pliase trials 
providing a weak PDB4D selectivity* 10 fold versus other 
PD£4 subtypes [2 i2J. 

A difTerent route for reducing PDC4 side effects concerns 
an inhaled administration of inhibitors iu order lo decrease 
systemic cxposwc 1213], However, tlie mixed PDE3/PDE4 
inhibitor zardavcrine (5) is associated vvith some PDE4 
specific events of nausea and vomiting 1214). Znrdaverinc 
clinical development was discontinued and the ap^Hoaeh 
using inhaled PDE4 inhibitors is not without its challenges. 

Very recently, data showed that rtte disease activated drag 
(DAD) concept could lead to a novel system for treating 
chronic inflammatory diseases with a reduced side eifect 
profile. iMD drugs arc a derivaiizaiion of one active 
principle or a combirtation of two covalcntty linked drugs*. 
DAD drugs in contrast, (o prodrugs release thctr active 



principie(s) only when they reach the inflamed tissues. Ttius. 
this approach is supposed to ^ow many advantages 
including the diminution of istdc effects. Tlic DAD coiKcpi 
was evaluated in asthma using an isoquinolinc derivative as 
an inhaled PDE4 inhibitor This inhibitor was cither 
dcrivatir.cd into prodrugs or combined with corticosteroids 
[2 151- tn fact, reduced systemic side effects of inhaled DADs 
were observed and might be as.sociaicd lo the local release of 
the active nioie^ in inflamed lung. Moreover, uj;tng DAD 
as a combination between a PDE4 tiihtbttor and a steroid in 
clinic, a icduccd clinical effective dose was observed utd 
reported as a result of a synergy of potencies connected to 
the liberation oflhe two antt-tnflommalory actors. 

Studies from Merck Frost suggested that, at least in 
ferret. PDB4 inhibitors through the cAMP elevation in 
sympathetic neurons induce a similar emetic response to 
alphaj -adrenoceptor antagonists. The authors suggested that 
PL)£4 inhibitors increasing intruccHuiar levels of cAMP may 
modulate the level of mediators such as noradrenalitiet 5-HT 
and substance P and may be responsibk for inducing side 
effects [216-218]. Therefore, emesis produced by PDE4 
inhibitors may be evaluated through the appropriate emetic 
response in fenxjts or through the anesthetic reversal effect in 
rats. Merck Frost was the first group having identified a 
photoaffmity probe (6) emetic in ferrets, cfHcacious and 
competitive with other PDE4 inhibitors [2I9J. This probe 
should be useful for the identification of the emesis and 
efficacy targets of PDE4 inhibitors. 

Inflayymc described a method for enhancing the 
therapeutic activity of PDR4 inhibitors by reducing their 
emetogenic pnDpcrttes [220]. The method is made up of a 
benzylalion of PDE4 inhibitors: suitable benzylation 
chemistry is to extract a hydrogen from a PDIi4 inhibitor, 
preferably with a base, and then react the resulting 
nuclcophtlic PDE4 inhibitor with a benzylaiing agent. The 
benzyl group may be attached to cither a carbon or niuvgcn 
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atom of a PDE4 iiiltibitor. Tlic benzyLatcd rolipratn analog 
(7) was > lO-fofd less ctnctic than roiipram. It was pcrtetit as 
rolipram on PDE4 enzyme with IC50 values of 0.40 and 
0.42 fiM but provided a 60-fold lower atfiniiy for the 
HARBS with respective tCsosof 0.36 and 0.0065 mM. ITtc 
synthesis of several reference PDE4 ir^ibitors was reported. 

rhc 3D-struclure of the catalytic doniain of PDn4B2B 
was recctitly resolved fSlll. Thu catalytic domain folds into 
a novel compact structure composed of 17 lie! ices and 3 
subdomains. The PDE4B2B crystal structure, as a 
rvprcscntaEtvc of this thcrapeuticaiiy important class of 
enzymes, provides binding ^id specificity tnfbnnation that 
should be vmy useful in dmg design. Very recently, 
molecular docking models fw cAMP and toltpram, u«ng 
the PDE4B2B crystal data, were reported (222J. 

Without any crystal structure, tlic mutation analysis 
stmiegy was asscs;;cd to idemiiy amino acids involved in the 
PDIi4 binding activity and sclcciiviiy, I'or example, Asp333 
was mutated in HSPOb4D3 in connection with mutations 
ihot modify the rolipram sensitivity in RNPDE4B1 [223J. 
The results showed that Asp333 is involved in the inhibitor 
binding site. FoJIowtng a seqtMmcc comparison bciwcen 
PDE4 and cGMP-«pccific PDEs sltowing that PDE4D3 
A$p333 corresponds to a conserved asparaginc in cCMP 
cnxymcs, the PDE4D3 Asp-Asn mutant was prepared, 
evaluated and found able to hydrolysc cOMP. In addition, 
the PDE4D3 Asp-Ala mutant sliowed a propensity to 
hydrolyzc cGMP. All these data concluded that this Asp 
residue is also involved in ihe nucleotide discrimination. 

Another approach for designing novel- PDE4 inhibitors is 
to conslrtici a pcpiidic binding %\it model using a training 
set of diverse chemtcal slructuies [224|, (sec diazefnno- 
indolcs in chapter of ''New Chemical Series in PDC4 
Field"). 



RECENT ADVANCES ON CLINICAL 
DeVELOPMKiVT OF THfi MAIN SELECTIVE PDE4 
INHIBITORS 

Rolipram <t) is known as the standard of PDE4 
inhibitors. Meiji Seika discontinued rolipram us a nootropic 
^nt during development (2251- Rolipram was licenced 
from Schenng for the potential treatment of depression. 
Evaluated in phase 2 trials for trcainicnt of tardive diskinesia 
in Japan, it was also discontinued. Roiipram wa.^ 
investigated for its anti-intlammatory effects in asthma^ but 
was discontinued as well Utt CNS and cardiovascular side 
cfTccts E226J. 

Cilomtlast (2, Arillo®, SB-207499) is developed by 
Olaxo-SmithlClinc. CilomilAst is in phase 3 clinical trnls as 
a potential trcatmem for asthma and chronic obstructive 
pulmonary disease (COPD). A 12-month, double-blind, 
placebo-conironcd. extension study wa<» conducted lo 
evaluate the long-term safety, totcrabiiity and efficacy of 
circMnilast in patients with asthma [227-228]. Patients 
received cilomiJasi 10 mg BID or placebo for an initial eight 
weeks when the dose could be increased to IS mg BID: 
pau'ents then continued for a flirthcr ten ntonihs. Clinically 



relevant improvements above placebo were seen in 
pulmonary function tc»ti piuamctcrs from week I sustained 
through month 12. Diary asthma symptoms indicated 
improvements in cough, wheeze and breath -Icssness/chest 
tightness in the ci lorn i last group compared to placebo. 
Cilomilast was associated with small increases in the 
occurrence of headache, abdominal pain, and nausea. 
CiJomila$t is also in Phase 3 development for the treatment 
of COPO. Cilomilast 15 mg BID demonstrated 
improvcnicni in lung function and hcsilth status and was safe 
and welt'tokratcd during a 6>weck phase 2 trial. In this 
smdy, cilomilast significantly improved lung function as 
mcasuied by a 10 percent improvement (130 raL) in FEV| 
from baseline and was gencraJly well tolerated with the most 
common treatment-related adverse events being nausea, 
diarrhea and abdominal pain (229|. This first demonstration 
of clinical efficacy in COPD patients was recently eounrmcd 
in a 6Hnonth trial in ^ich patients received cilomilast 15 
rng p.o. BID or placebo. This study dcntonstrated that 
cilomilast significantly improved health status a$ 
characterized by a reduction in ihe St. George's Kespiraioty 
Questionnaire (SGRQ) total scoie of 4 J points [230L 
improved lung function (averaged 40 mL improvement of 
FEV, versus placebo over rhc dumtton of treatment {23 1 J, 
and reduced the risk of exacerbation by 39% relative to 
placebo (232|. Cilomilast was safe and well tolerated in this 
study; the few gastrointestinal adverse events reported by 
cilomilast-treatcd patients were generally $clf>limitcd and 
mild or moderate in intensity [2331. 

The Byk Gulden PDIi4 inhibitor, Roflumitast (8, BY- 
2 1 7), has completed phase 2 asthma studies and is in phase 
3 for asthma and COPD. Data has recently been released to 
indicate that a single dose (I mg) of the compound inhibits 
the late asthmatic reaction in bronchial allergen challenge 
I234J, and that 4 weeks treatment with a single oral daily 
dose (500 pg) inhibits exercise- induced bronchospasm [235]. 
The first study consisted in a randoinisccd two period 
crossover study comparing the effects of a single dose of 
roflumilast versus placebo after allergen challenge. 
Roflumilast was administered 1 hour prior to the allergen 
challenge. .Mild asthmatics on pj-agonisi treatment only 
were diftllcnged with allergen using standard protocols. Data 
of twelve patients who experienced both an early asthmatic 
reaction (EAR) and late asthmatic reaction (LAR) were 
analyzed. The inaximal LAR (o the respective allergen was 
significantly (p < 0.05) inhibited by 62%. Interestingly, 
there was also a trend in to inhibit the EAR. 'ITie sccotkI 
study, a piaccbo-controtlcd, randomi>:cd, double-blind, two- 
period, crossover study, was performed to investigate die 
safely and efficacy of roflumilast in 16 patients with 
exercise-induced asthma. The patients received placebo and 
roflumilast (500 ^i^d^ey) m random order for 28 days each. 
In both study periods, exercise challenge was performed I h 
after dosing on days I, 14 and 28. FEVj was measured 
before the test and repeatedly up to 12 min after the end of 
exercise challenge. Blood samples for deierminarion of LPS- 
stimulated TNFa in whole blood ex vivo as a surrogate 
paramcicr for the inhibition of intlammatory cell activation 
were taken prcdose on days I and 28. Serial safety 
measurements were performed during both Study periods. 
Statistical analyses sliowed a significant superiority of 
rotlumilast over placebo on day It. The mean perceitfage fall 
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of FEV| after exercise was reduced by 41% a$ compared to 
placebo. tmimivcaicnt of liutg function during 

roHumilast treatment was also observed on days 1 and 14. 
The iTicdian TNFa level decreased by 21% during 
roHumiiust treatment, but remained eKscntially constant 
under placebo. Roilumilast was safe and well toleriitcd 
during this sttidy. Another study examined the effects of 
roflumilast on vigilance, visual orientation, motor 
coordinatton find concentration. The P0E4 inhibitor was 
tested at a dose of 500 p.o. in the morning tor 7 days in 
a double-blind, randomized, placebo-conirolled, crossover 
study in 18 healthy volunteers- Safety-related pertbmiancc in 
traftlc and at work was similar on roflumilast and placebo in 
this trial (236J. A recent publication describes the efficacy of 
rolluniiiast in allergic rhinitis [237], In this randomized, 
placcbo'mntroilcd^ double-blinded, croi^ovcr study, 25 
subjects with histories of allergic rhinitis but asymptomatic 
at screening received rofluinilast (500 me once daily) and 
placebo tor 9 days each with a washout period of at least 14 
days in between treatment period*:. In each of the treatment 
periods, controlled intranasal allergen provocation with 
potliai extracts was perforniod daily beginning the third day 
of treatment, each time nppaiximately 2 hours after study 
drug ndminislration. Five and 30 minutes after each allergen 
provocation, rhinaf airflow was measured by means of 
anterior rhinomanometry and the subjective symptoms 
obstruction, itching, and rhinorrhea were assessed by tncans 
of a standardized visual analog scale, Rhinal airllow 
intpnovcd almost consistently during the 9 days of 
rotlumiiast treatment, and it was stgnificamly higher at 
study day 9 on ro^umilast in comparison with placebo^ a 
result also found tor itching and rhinorrhea. With respect to 
ihc subjective obstruction score, a significant difference in 
comparison with placebo could be demonstrated within 4 
days. This study showed that roHumilast effectively controls 
symptoms of allergic rhinitis and that PDIi4 inhibitors 
mi^'iit be a future treatment option nut only in alJergic 
asthma but also in allergic rhinitis or the combination of the 
2 diseases. A 6-month placebo controlled CURD study is 
currently ongoing but no results have been reported so far. 



Arofyllinc (9, LAS-31025. Almirall Prodcsfarma) was 
initially reported in clinical trials for trcatnietit of asthma by 
oral route. Arofyiftne was discontinued at phase 3 in this 
therapeutic indication. However, tn a double-blind, placebo- 
controlled phase 3 trial in patients with moderate to severe 
COPD, inhaled urofylline (90 mg daily lor three months) 
significantly showed improvement of lung function 
(improved KiEVI and reduced incidence of exacerbations). 
The most common side ctTcct was reported to be transient 
gusiroijitcstinal effect [238]. 

The devcJopment of piclamilast (3, RP-73401, Novartis. 
IC50 -luM)) as an inhaled drug against asthma was 
discontinued at phase 2 for reason of undcsirabtc side ctTects 
and poor pharmacokinetics. Piclamilast was evaluated for the 
treatment of RA as wcH. Particularly, RP-73401 displayed a 
reduction of fNF-a and It- 1 2 release, an increase of the 
anti-iiiflammaloty cytokine IL-IO, a diminution of T-cell 
responses and a direct (xoicctivc cfTccts on bones (239}. 

BAY- 19-8004 (10, Bayer) is a bciucofiiran derivative 
recently di.sconttoiicd in clinical phase 2 for the treatment of 
asthma [2401. The development for COPD has been 
suspended until all phase 2 findings are complete. With 
respect to the difterent PDE4 preparations, BAY-I9-80O4 
provided PDE4 IC5QS between 50 and 500 nM [241]. hi 
vivOr this compound sliowcd efficacy in various animal 
models of asthma and COPD. In a LPS-induccd lung 
neutrophilia model in rats. Bay- 19-8004 was more eftlci'cnt 
than cilomilasi (2) in inhibiting the increase of neutrophils 
in the bronchoalvcolar lavage (BAL) with an ED$a value at 
Q.6 ing/kg p.o. in comparison to 16 mg/kg p,o, [242% la 
guinea-pigs, the Bayer compound blocked the ovalbumin- 
induccd eosinophil migration (ED 50 at 1.5 mg/kg ) and 
reduced the immediate ovalbumin-induccd 
bronchoconstriction (61% at 3 mg/kg /?.o. ) [243 1, In the 
repeated treatment model, BAY- 19-8004 (0.1 nig/kg p.o. 
once a day tor 10 days) significantly prevented the 
development of the airway hyperresponsivencss and partially 
inhibited antigen-induced eosinophilta in BAL [244]. 
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Finally, conscimis Xcrtexs, showed do emetic responses ac 
tkKcs reached 30 to 60 fold the efficacy dose [243 J. 

Cipamfylline (11, Leo Pharmaceuticals. BKL-61063 or 
HEP-688) is a selective PDE4 iiihtbitor curretuly in phase 2 
for the treatment of atopic dcniiatitts. Previously, 
SmiihKltnc Bcecham discontinued the dcvciopmcni of 1 1 
subsequent to phase I clinical trials in which do.<u»E > 7 
(ig/kg induct transient nausea, vomhit^ at>d headache. 

Mesopram<l2, Schcring AG, ZK- 1 17137 or SH-636), a 
PDE4 inhibitor strucftirally related to rolipram, is in phase 2 
trials for the treatment of relapsing-rcmitting multiple 
sclerosis. R-Cccntly. the imnmnomodulaioty activity of 
mesupram was reported in preclinical rodent models. 
Particularly, this compound selectively inhibited Thl cell 
activity with no effects on cytokine production or Th2 cell 
proliferation [245j. Ati7,orani (13, Pfizer) was 

originally developed as an oral treatment of asthma, but 
disa»ntinucd in tttis indication due to eincsis in hutnans at 
plasiTia conconvation cKcccding 0.16 fig/mt [246|. 11iis 
conipfHind showed efficacy in phase 2 clinical trials for 
atopic dermatitis |247|. 

Cl-10t8 (14, Parke Davis, Pfizer), a benzodiazepine 
compound, showed a good potency and cfTicacy in vivo 
versus antigen- induced pulmonary cosinophilia model in 
Brown-Nwway rats with an EP50 value at 5 mg/'kg after oral 
administration, 11)is compound was not emetic in several 
species including fcrrels: CI- 10 18 induced no vomiting 
episodes up 10 10 mg/lcg i.p. whereas rolipram was cmcticai 
O.i mg^g Lp, [248>250'|. 'litis compound was discontinued 
at phase I for reasons of potential temiogcnicity [2S 1]. CI- 
1044 fl5. PD-I89<)59. Porkc Davis, Pfizer) is a baclc-up ro 
CI- 1018 CJ-1044 inhibited TNF-a release from human 
peripheral blood nnonocytes and human whole blood in vitro 
with IC50 values at 0.34 and 0.84 mM» respectively [252- 
2SS). In vivcf^ this selective PDE4 inhibitor showed higher 



inhibitory activity than cilotniiast it) the aniigm-lnduced 
eosinophil rccrtiitmcnt in Brown-Norway rat with an EDjo 
value at 3.2 nig/kg p.o. (cilomilast was inactive at 10 mg/kg 
p.o.y In the LPS-induccd TNF-a release model in wistar 
rats, CI- 1 044 was equipotent to cilomilast with ED50S at 2.8 
and 3 mg/kg p.o., respectively. After a 10 mg/kg 
intravenous administration, CI- 1 044 indticcd no cmciic side 
effects in contrast to cilomilast. CM 04^4, after oral 
administration in rats, was active in inhibiting LPS- induced 
TNF-a release cx vivo [256]. These ex vivo data suggested 
iliat TNF-a should be used as a marker in ciitiical studies 
for evaluating die efficacy of PDE4 inhibitors in blocking 
inflammatory processes. Very recently, CI- 1044 was reported 
to inhibit plasma 'll«>JF-a release in LPS-stimulatcd whole 
blood of healthy volunteers and COPD patients. 'ITic cfllca<^ 
of CI- 1044 in this assay was slightly bcncr than tliat of 
rolipram and much higher than that of cilomilast in thciuunc 
subjects [257]. These data indicated (hat TNF-a is an 
appropriate marker of die anti-inflamniatory clTecls of PD1S4 
inhibitors in COPD patients and that CM 044, providing 
significant anli-inflammatoty properties in the context of 
COPD, may prove efficacious in the treatment of lung 
inflammation. 

Kyowa Hakko has started phase I clinical trials in 
Europe with the PDE4 inhibitor, KW-4490 (no structure 
reported), fora^ma (258]. 

CDP-$40 (4, Cclltcch Group / Mcix;k Frost) was 
discontinued in phase 2 due to unpromising cfllcacy [146;). 

Merck Frosst and Cclltcch collaborate in the 
dcvclopnjcnt of a scries of PDE4 inhibitors for the potential 
treatment of asdima^ rheumatoid arthritis and COPD [2 59 J. 
An unilisdosed compound was in clinical trials in Europe 
for the porcntial treatment of asthma (A]M*il 2001 }. 'flien, the 
compound was reported in phase I trials (June 2001) and in 
pitase 2 trials (October 2001). 
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Merck Frost Group has reported data rciaccd to L- 
K26,I4I (16), a n«w CDP-!i40 derivative. L-826J4i 
provided in vUto PDi34A activity with an IC50 value at 2 
nM. /« vitro, L.826J4I blocked LPS-induccd TNF-a 
release from human whole blood with ICso value at 0.4 uM 
12601. Hiscuricaily. COP- 840 providing short half-fives in 
various species was further structurally modified in order to 
reduce the metabolism process. I1ic vSynthetic crtorts led to 
the idcttltfication of a first promising candidate, L-79 1,943 
{17), which induced a 96% inhibition in a squirrcUmonfccy 
model of ascanS'intUiced branchoconsthction after an oral 
administration of 3 nig/kg (261| However, L-791,943 
showed an excessively long half- life tn numerous species, 
i hc eloborationof L-826,141. which Ls an optical isomer of 
L-79 1 ,943, gave an improved pharmacokinetic profile. In the 
sq uirrcl-monkcy antigen- induced bronchoconslriction model, 
L-826J4I was orally active showing 26-59% and 38-100% 
inhibition of the early and late phase responses in a dose 
range between 0.5 and 3 mg/kg 1262-263]. In ferrets, L- 
826,141 was not emetic at 30 m&lcg p,o. f261-262J. L- 
826141 and its prcdcssor, L-79i943. were reported to be 
discontinued an clinical candidates [259]. 

The development of filamilast (18. WAY^PDA-641. 
Wycth-Aycrst), a rolipram analog, was discontinued in phase 
2. 

CcHicch Group and Schering Plough developed D-4418 
(19) up to clinical phase 2. D-4418 inhibited human PDE4 
activity wiih an ICso at 200 nM and LPS-induced TNF-a 
release with an IC50 at l<>0 nM. D-4418 was active in vivo 



ill inhibiting TNI-.a release in rats (ED50 = lU n^kg p.p. ) 
and in blocking antigen-induced eosinophil acciimulaiion 
into BAL in guinea-pig (40% inhibition at lO mg/kg). In 
terms of safety profile, D-4418 induced no emetic or 
retching events at 60 mg/kg p.o. in ferrets and dogs. In 
phase I clinical trials, D-441S showed good plasma 
exposure and was well tolerated at all doses 12641. Sch- 
351591 {D-4396, structure not reported) is structurally 
related to D-4418. This analogs being more potent than D- 
4418, is under development by Cclltcch Group 
(Chiroscicncc) and Schcrittg Ptuugh for the potcnriai 
treatment of asthma. Phase 1 clinical trial has been underway 
since January 2000 1265], 

Icos has recently undertaken a phase I trial with lC-485, 
a potential oral therapeutic for the treamient of inflammatory 
conditions 12661- This compound provided an fCso from 
human recombinant PDE4 016.1 nM. Tlic clinical study has 
been designed to a^uess the pharmacokinetic properties, 
safety and tolcrability of lC-485 in healthy volunteers and is 
a double-blind, plac<dMM;ontix}llcd. ascending oral dose 
study. 

I he therapeutic value of YM-976 (21, Yamanouchi) was 
assessed in phase 1 clinical trials. YM-976 at doses of 0.1 
nM to 10 uM showed dosc-rclatcd relaxation effect on 
tracheal preparations contracted with histamine and incrca.ses 
cAMP tissue content [267]. A general profile of YM-976 
was recently reported [26«]. YM-976 was the first compound 
having shown a dissociation of an ami- inflammatory activity 
(carragccnan-induccd pleurisy) from emetic side effects in the 
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same animal spccicSi (ferrets). In comparison to various 
PDE4 inhibitors and particularly cilomilast. VM-976 
provtUcd a lower cnicuc liability and a broader safety profile. 
The mechanism of" the lack of emetic potency remains to be 
idcndficd. YM-S8997 (22. Yamanouchi) is invcsti^tcd 
under precltntcal stage. No development was reported since 
1998 for cither Yamanouchi compounds. 

V-I I294A (23. Nypp), a xanthine derivative linked to a 
roHpram-based smicnirc^ entered into phase i chnical trials 
in 1997. In the ferret omcsis model, the compound was safe 
up to 30 mg/kg^i.o. keeping into account a bioavailability > 
70% and plasma concentrations > lnM. Mo emetic side 
cfTccts were found in phase I clinical trial at doses up to 300 
mg with a bioavailability > 50% and a plasma half life > 7 
h [269]. Moreover, V- 11 294 A produced a metabolite 
slightly less potent ilian itself [ 1 56J, In healthy volontecrs, a 
300 mg oral dose of V-I 1 294 A induced a reduction of TNF- 
a release from a l-PS-induCed ex vrvo itssay nnd a decrease of 
lymphocyte proliferation from a PHA induced model (270- 
27 1 1. 

CDC-801 (25, Celgcnc), a thalidomid analog, is a lead 
of the first {veneration states of selective cytokine inhibitory 
dmgs (SclClDs). SelCID compounds are reported as potent 
inhibitors of TNF-a and PDE4 and presented as potent 
drugs for the treatment of inflammaticMi, immune disorders, 
Crohn's disease and congestive heart failure. CDC-801 was 
evaluated in phase I clinical trials using escalating doses (50 
to 1000 nig) and obtained promising rcsuJts in a phase 2 
pilot study for Crohn's discns<^ f272j. In comparison to 
cilomitast, COC-801 showed an improved llicrapcutie index 
versus cmesis {273 J. CI5-998 (structure not reported. 
Cclgenc), a second-gcnwration SdCID, was by far more than 
lOC^fold more potent than CDC-801 against CD-998 
Fcccnlly entered in early phase I trials and was found well 
tolerated. CC-7075 (26, Celgcnc) and CC-70VS (structure 



not reported^, two other second-generation SclCIDs were 
cquipotetU and more potent than CDC-801 in inhibiting 
TNI'-a and irN-Gamma production |:274]. CC-70U5 was 
selected as being the back-up of COC-80 1 [275 j. 

AWD-1 2-281 (27, ASTA Medica Artncimittel GcsmbH) 
is a 5-hydroxy indole derivative under preclinical 
investigations t<»r the potential treatment of allergic asthma. 
Data showed anti-inflamntatory cfTccts of the compound 
with a very low emetic poicntial {276). AWD-t2-2ai 
provided effect on mucus secretion in ihc mouse and LPS- 
induced neutrophilia in the rat and domestic pig [277). As a 
model tor CORD, the LPS-induccd neutrophilia in rats was 
reduced by 37% and 69% at the dose of 30 mg/kg p.o, and I 
^g/kg after intrapulmonaty administration [278J. A dosc- 
dependent inhibition of allergen-induced late-phajw 
cosinophilia was shown in sensitized rats (ID50 values at 7 
fig/kg and 30 mg/kg respectively after intrapulmonnry and 
oral administrations (279j. In a recent paper, RP-7340I> 
rolipratT), cilomilast and AWD-12-281 potently were shown 
to inhibit C5a-induced O2 -generation (IC5(, = 0.03, 0.42, 
0.55 and 086 respectively), but failed to inhibit 

degranulation in the absence of adenylate cyclase activators 
such as histamine, salbutamol, prostaglandin E2 and 
forskolin. AWD 12-281 wa<i the only one to block 
degranulation (IC50 - 16.2 jtM) without any activation 
[280]. AWD-l 2-343 (28, ASTA Medica Arancimittel 
GesmbH) emerged from a structure optimization process 
starting from AWD-12-281 and was selected for further 
preclinical investigations. Tl>is compound was potent with a 
nanomolar //f vUro PDE4 activity (IC50 9 nM), highly 
selective versus PDE3. PDE5, and PDE7 (ICs(jS > I mM) 
and provided a low atrmity for the HARBS (IC<o =313 
nM) [281-282}. /« vUro, AWD- 12-343 inhibited TNF-a and 
GM-CSF release troni human inflammatory cells (human 
polyp cells) with ICso values of 0.22 and 0.26 fjiM. 
respectively. In bronchoalvcolar lavage fluid (BALF), tfie 
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LPS-induceU neutrophil recruitment reduced by 37% kyy 
A WD- 12-281 at 30mg/kg p.o, und by 67%, 61% and 90% 
ixiXct a I mg/kg oinl adniinistraiion of ctloniiliist, rolipram 
and A WD- 12-343, respectively. 



NEW CHEMICAL SRRfRS IN AREA 

Despite much progress in ihe development of PDE4, the 
search for new scuffol^ is continumg with the aim lo roduec 
lite specific PDE4 side effects, 'this cluster attempts to give 




28 AWD- 12-343 



an overview of the glofral itiformation coming from the 
scientific literature (papers and patents). 



Cyciohexanes, Delta- Lactdnes or Lactames» Morpholiaes 

A new series of l,4-sub5tituied cyclohexanes (29) 
structuniily related to ctlomilasi was claimed by SmithfClinc 
Beccham (GtaxoSmithlCline) (283J. 'Itw compounds were 
found to tie PD&4 infatbitors and could be used to treat 
allergic and intlammaiory diseases. They also inhibited the 
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proditctiun of TNK-a. No biotogical data were reported and 
the compounds 30, il^, 32 and 33 were shown (he most 
prcfetTcd cmnpounds. 

A novel coniitmction of ihe quaternary C4 of such a 
cyclohcxdnol ring was reported for the syntbcsb of a 
cilomibst derivative. SB- 222618 (34) f284]. 

K^wa ^kdcko developed new heterocyclic dcrivuiives 
(35) structurally related to ciloniilajit analogs (2853. (E)-3-f f- 
(8-Methoxy-2,3-dihydro-bcnzo[ 1 ,4)dioxin-5-yl)-4-oxo-cyclo- 
hexy I] -acrylic acid ethyl osier (36) itihibited 99% of human 
PDC4 at I ^M. In eP-M 10961, Kyowa llakko described 
c/.?-4-cyano-4-(8-methoxy- 1 ,4-benxodioxan-5-yl)c5«lohcxane 
carboxylic acid (37) .showing 87% inhibition of the PDI;4 
cnzytnc at I }iM [286]. 

The discovery of a new scries of substituted y -phenyl -A - 
bctoncs and their analogs uKludmg lactatncs as selective 
PDE4 inhibitors was described by Infbzymc [287]. (S)-5-(3- 
cydopcntyloxy-4-methoxy-phcnyl)-3-(4-hydroxy-3-nicthoxy- 
lM:n4Eyl)-tetrahydro>pynin-2>onc (38) provided a P0li4 
itihtbition from U937 cell line with an IC50 value in a range 
from 0.1 to I (iM. This compound inhibited the humnu 
neutrophil dcgranulaiiun (via the inhibition of the reactive 
oxygen species in neutrophils) with an ICso value tower tlKin 
I uM and blocked the TNF-ct production in a concanavalin 
A-stimulatcd huntan CD4+ T-cclIs with an ICso bciwccn 2 
and 20 ^M. In this ntodcl, the coni^und showed an 
aittioxidam Jictivfty fn vitro and a ThUinhibiting/Th2- 
suatatning profile. In addition, the compound displayed 
potent mhibitory activities in the rcsintferitoxin-iuduccd 
mouse car edema after topicai, intraperitoneal and oral 
administration with 98% inhibition at 50 mg/car, 72% 
inhibition at 100 mg^g and 45% inhibition at 10 mg/kg, 
respectively. 

A new scries of 2-phenylmorpholinc derivatives (39) 
presented by Nikkcn Chemicals (288]. Providing »tr(Hig 



PDri4 inhibitory activity, ihcse dcnvatives were reported for 
the ireatmctu or prevention of in II a minatory diseases such as 
u.sthma and dermatitis and autoimmune diseases such a& 
multiple sclerosis and rheumatism. No biological data were 
reported. 

QulnoliRcs» Dibydroisoquinollnes^ Furoisoquinoiliws, 
Quiiiolinones, Phenanlhridines, iNaphtliyridiiies, 
Naphthyridinones, QuiitazeUaoncSt Pirydopyrazines, 
Pyridopyrimiillncs ii»d Pyridylnaphf halenes 

In the past, quinoiinc derivatives were spccincally 
claimed as PDi:4 and TNh'Cc inhibitors by Dar^vin 
Discovery f289J. In 2000, the corresponding /V-oxidcs (40) 
were described in a new patent |290]. No biological data 
were reported but these /V-oxides (40), such as the 
exemplified 8-methoxy-2-trifluoronicthyIquinolirtc-5- 
carboxyfic acid (3,5-dimetliyM-oxjTjyridiii-4-yl) amide (4I)» 
were stated to be selective PDE4 inhibitors useful for the . 
treatment of inflammatory diseaset:. 

Novcf 8-aryi quinoiinc derivatives (42) were recently 
investigated by Merck Frost for their PDE4 and TNI'-a 
inhibitory activities [29 1 J. The IC50 values of the 42 
exempli Hed compounds from human recombinant PDE4A 
enzyme were stated to be O.M nM to 10.2 nM. In an 
ovatbumin-chancnged guinea-pig model, these candidate.i>, at 
0.001 to 10 mg/kg i./j. or p.o. twice a day, induced a 
significant reduction of the production of eosinophils and 
leukocytes. 

Recently, Sanofi*Synthelabo rcporte<i the syntheses of 
novel isoquinoline derivatives (44) as PDE4 inhibitors that 
could be suitable for the rreatment of for instance a.<;thma, 
COPD and rheumatoid arthritis [292-293j. The PDE4 IC50 
of tsoquinolincs 45, 46 and 47 were in a nanomolar range. 
The compounds were selective versus ,PDE2. PDR3, and 
PDE5. 
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In 1999, novel of 3,4-UihydnHSoquinoHnes and 2,3- compound 48 provided an improved in vitro PDE4 activity 

diliydroquinolin-4-ones were disclosud ki Zambon patents in wiih aatCjoM 3S.9 nM. 
which 4H was described as one of the most potent PDE4 

inhibhors in vitro with an fC5o value at I4S nM 1294], Later Takeda investigated furoisoquinoline derivatives as 

on, another series of dihydroisoquinolincs was .synthesized PDB4 inhibitors for treating and preventing diseases caused 

1295J. The cyclopcntylmcthylcnc analog (49) of the by inflammation [296J. The compounds slwwing the partial 
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furoisoqulnoliw simcturc ^50) were Uiscloscd as PDe4 
inhibitors. At I mg/}:g the compound SI prevented 
59% of consiriction in an ovalbumin-induced bronchial 
cofistricti<Hi mndcJ in New Zealand whifc mbbiis. 

Almirall Prosdenno group speciftcd a new series ol 2,5- 
dihydropy»azolo[4,3-c]quinolin-3-onc (DIIPQ) derivatives as 
PDE4 tnhibitois [297). llicse compounds were designed 
using phjurmacophores coming from iiiiraquizonc (52) and 
arofylUnc (»). A lipophilic er'^tip at N2 position was found 
to be required for PDE4 acriviiy. Compound 54, with a 2- 
thiciiyliiKthyi group nt N5 position and a cyclopentyl ai N2 
position showed a PDE4 activity similar to that of rolipram 
and an inipmvcnicnt of HARBS/PDB4 ratio > 100 fold. 
From Iti vivo guinca-pig models, the compound 54 at 10 
mg/kg p.o. provided 62% inhibition of eosinophil 
infiltration in BAL and an inhibition of histaminc-induccd 
bronchoconslricrion with an RD$o value at a3 Hfi^'S "ft'^'' 
j.v. administration, 'fhc miniraunt cmvtic dose i.v. in dogs 
of thai compound was >3 ni^/kg. 

tn 2001, Byk Gulden repotted scveial novel phcnan- 
ihridinc scries <S5) as selective PDI£4 inhtbitofs [298-300]. 
The in vitro PDB4 activities (-loglCso values) of ihe 
phenanthridines (55) were ranged from 6.76 lo 8.87. Among 
the most potent derivatives, compounds 56, 57 and 58, 



which arc c'»'*enantiomers with negative opticsd rotation 
data, provided submicromolar ICso values. 

Within the same time period, Byk Gulden published 
three patents related to the PDR4 activity of novel 
phcnanthridine-//-oxidc derivatives (compounds 59) {301- 
303].llic in vitro activities (-loglCso values) of compounds 
60, 61 and 62 wctc 6.73, 6.29,, and 6.09 respeciivcly. 
Again, these compounds were reported to be the (-)-c'iff- 
i^iantiomeis. 

Novartis recently described the synthesis and SAR of 
6,»-disubstituted-l,7-naphthyridincs (63) that ai« potent 
PDE4D subtypc-sctccrive tnhtbittn-s (304X The most potent 
compound.^ (64-66) showed activity in an in vivo model of 
allergic asthma. An appropriate subsiitution at S-position 
(Npj. CI, CN) was reported to be important for good 
PDIi4A-D inhiljitory activity. Then, the compounds with a 
small group, such as H or NH2, at 6-po.';irion provided a 
weak micromolar PDE4A-D activity, llie introduction of 
bulkier grottps at (h\& position increased the inhibitory 
potency toward PDE4B and mostly PDt:4D. The benzoic 
acid derivative (64) was the most active compound in this 
scries with a PDE4D activity value at I nM. Tliis analog 
was 49', 68-, and »»-fold more potent on PDE4D Hran 
PDE4B, PD£i4A and PDE4C, respectively and was 79-fold 
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more potent on PDE4D than cilomilast. In a model of 
allergic asthma in Browti-Norway rats, 64 administered at I 
nig/kg p.o. decreased by more than 50% the intlux ol" 
eosinophils, T-cclls, and neutrophils in BAL. Finally, at I 
mg/kg p.O y the benzoic acids (64, 6S and 66) were more 
active than cilomilast in thijj oral antigen-induced pulmonary 
eosinophil ia rat model. 

Pfizer described a new scries of l,8-naphthyridiH-4[i//J- 
ones (67) [305], Such derivatives were rcponcd lo selectively 
inhibit the PDR4D iso-syme and to block the pulmonary 



eosinophil infittraUon in monk^ BAL after subcutaneous 
ittlministration. 

A scries of 1 ,8-naphthyridin-2-onc derivatives was 
identified by Grclan (compounds 70 such as 71) and 
YamanOMchi (contpoiinds 71 Such a& 73) for providing new 
PDB4 inhibitors useful for (rcLiting inflammatory and auto- 
immune i!isea$cs 1306-3073. 1'(3-Nitro-phcnyl)-3-{3-pyridin- 
3-yl-propyl)-l//-M,8] naphthyridin-2-one (71) inhibited the 
reduction in bronchial capacity by 95% at 3 mg^g after oral 
iidminisi ration. 3-(4-(3-Chloroirficnyl)- l-cthyl-7-methyi-2- 
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oxo-l, 2-<}ihytlro-(l,8] nnpIuhyridiiv3-yt]-propionicacid<73) 
displayed a PDE4 IC50 of 0.01 1 

An extended scries of triaxoto quinolin-oncs or -thioncs 
(74) was reported by Parke Davis (Pfizer) [308X 'lliicsc 
compounds were found to be selective PDE4 inhibitors. In 
addition, they inhibited TNF-a release. The compounds 
provided PDE4 IC50S between 0 00027 and 2,69 |iM. 
Several derivatives inhibited TNF-a release from hum^in 
leukocytes: the eompounds 77 and 78 shovi,'ed IC'soS at 3.4 
and 8,1 ^M, respectively. Moreover, various compounds 
were evaluated m vivo in a LPS- induced TNF-a model in 
ratK. The connpounds 77 and 78 provided 98% and 94% 
inhibition at the oral dose of 10 mg/kg. 

Novel i ,4-d!$ub$iitutcd pyrtdopytaztne derivatives (79) 
synthesized by YnnianoucJii were claimed PDE4 inhibttons 
I309J. No biobgieal dau were presented and the i^xxiticd 
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compound was l-(3-broinopheny!)-4>cthyl-6-nictbylpyndo 
(2,3,bjpyrazi«c-2,3(i;/, 4//).dionc (80). 

[n the pajo, pyridopyrimidrnc moiety was reported for 
exhibiting P0B4 inhibitory activity. Several 
pyridopyrimidine derivatives (SI) were also disclosed as 
PDf:4 inhibitors by Yamanmichi [310}. These compounds 
U'crc staled to be of use to treating asthma. No biologteat 
data were reported and one compound, 5-(3-bromopheiiy1)-2- 
n>cthyl-8,9-dthydroiniidazo{ 1 ,2-«Jpyridop^-<rjpyrimidinc 
(82) was specified. 

Very recently, the i;ynthcscs and m vitro evaluation of a 
new pyridopyriniidtnc-2,4-dionc series (83) bearing 
substiiucnts on the pyridine ring were described [311], All 
the C-4 substituted pyridopyrimidine analogs (85) provided 
more potent inhibitory acitviiy than ihc corresponding C-3 
!»tbstituCod compounds (84) e.xccpt for the benzyl 
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derivatives. The derivative, with a benzyl group at tlic C-3 
posilion, was 33 fold more active than its C-4 substiiulcd 
analog. Moreover, it was cquipoicni to cilomilasi on LPDE4 
(ICso a( O.il jiM) and showed a more promising ratio 
HPDfi4/LP01:4 than cilomilast (212.73 instead of 1.64 for 
cilomilasr). 

Nippon Zoki also disclosed another series of 
pyridopyrimidincs (96) for the treatment of dermatiits f3 1 2). 
7-Amino-3-benxyl- 1 , 2, 3,4-tcirahydro-l -phcny[pyrido[2.3-i/| 
pynmidit)-2»4-dione (87) was the preferred candidate. It was 
reported to provide a selective PD£4 inhibiiion versus 
PDE2. PDE3, and P0E5 with i2% inhibition at 100 ^M. 



PhffialaaJncs, Phthalazioenes, Pyridazones, and 
Pyrldaztncs 

Zambon group prepared some rigid analogs of RP-73401 
(3) to gather infcMTtiation on the confomiation that couid be 
adopted by the phenyl ring in the binding site [3J3j. 
Iliercforc, ihcy designed new cyclic derivatives in which the 
cm-bonyl group was sutotieuicd by a Tt-bond involved in a 



pyridazine nucleus which was also supposed to increase the 
polarity of the new RP-73401 analogs (88). The activities of 
most ot phthalazincs (88) with PDE4 /C'so values < 100 aM 
sho%vcdthat, for the RP-73401 related compounds^ a planar 
diliedral angle between the arotnnttc moiety and Ihc tinker 
was allowed. The phthalazines 88 with a cyclopentyloxy 
group on RI were reported to be the preferred compounds in 
comparison to the derivatives with a cyclopentylo.xy on R2. 
The phthalazinc (89) di.splayed a PDE4 IC50 value at 53 nM 
and provided improved safety margins versus acid secretion 
and emesis against several PDE4 standards. The phthalazine 
(89) diplaycd a minimal emetic dose in dogs > 10 nig/kg 
/.V. whereas cilomilasi induced emesis through the same 
route of administration with an [•050 at tO mg/kg. lite 
phthalazine {90) was one of the most potent derivative in 
vitro with an IC^q value at 8 nM [3I4J. Based on the 
dccfvascd potency of the phthalazine (89) compared to the 
open reference compound RP-73401 (PDE4 JC50 values at 
53 nM and I nM, respectively)^ Zambon group initiated the 
synthesis of a novel scries of phthalazines (91) with 
substttuenrs in position 4 of the phthalazine nucleus (3J5J, 
The aim of the snidy was to avoid a possible unfavorable 
interaction b<Hween the cyclopentyloxy and the peri- 
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hydrogen in position 4 of ihc phthalazine nucleus («9) and 
iocwiUwtciicw<fcriv«nive«(9l) with various substiiucnte at 
position 4 instead of position 5. 

Potent PDI;4 inhibilory activity was sliown with various 
phihalazines 91. Only one dcrivarivc, the pyridine A^-oxydc 
phlhala/inc 92, was in a same range of activity than RP- 
7340! with in vi/ro PDE4 IC50 values at 4 nM instead of I 
nM for RP- 7340 1. Most compounds showed in vUro PPE4 
iiclivitics similar to those found with the most active 
phthal.i2ines 88 (IC50S between 30 and 250 nM). While the 
stmcturc-activity relationships of p4rthalazincs 91 remained 
to be CKpiained. several substituents with various physico- 
chemical parameters led to potent new candidates with 
potent PDB4 activity and whole cell emcacy. Eostnophilia 
in guinea-pigs and side effects of two phthalazines, 92 
(PDE4 IC5(>« 37 nM) and 93 (PDE4,!C5o ^ 24! nM) were 
evaluated. The two compounds were found more active than 
cilomila&t in inhibiting eosinophil infiltration- Finally, acid 
secretion increase in tiiiolatcd rat stomach and cmcsis in dog 
were reduced in comparison with chose found with 
cilomilast- 

Thc ptahalozine (95) with a mcthoxycarbonyl group and 
wilh an in vifro PDC4 ICsq value ai 72 nM was specifically 
claimed pl6j. In addition, several phthalizones were 
reported: the 3-mcihylsulphony! phthalazinonc 96 provided a 
PDE4 ICsortt 36 nM. 

In a recent patent, Zambou disclosed a scries of tricyclic 
phthalazincs and cxcmplftlcd one compound icsicd« ihc 



tricyclic phihaloztnc 97 which displayed an Ut vitro P0B4 
ICjoat 207 nM |3I7J. 

l>jovcI PDE4 phtlialaztnonus were recently described by 
Byk Gulden in two papers. A goal of Byk Gulden was 
discover new Jead structures (99) for selective PDE4 or dual 
PDE3/4 inhibitors coming from a combination between the 
pyridazone /ardaverinc (5, a wellknown PDli3/4 inhibitor 
with a PDE4 plCjo 6.80 and a PDt:3 plCso 6.24) and a 
selective PDE4 pyridopyridaxonc (98. PDE4 plCso ^ 8 30) 
13 18]. Therefore SAR studies were applied on a series of 6- 
(3,4-dimcthoxyphenyl)-4,5-dihydro-2//-pyrida7jn-3-oncs{IOO) 
and a series of 4-(3,4-dimcthoxyphcnyl)-2//-phthaIazin-N 
ones (t 01 ). The authws described various pyridazinones and 
a novel scriciS of phihala/inones with potent P0E4 
inhibitory potency. Most compounds were fotmd selective 
PDE4 inhibitors. However, as it was already rept>rtcd in the 
liicraiurc, SAR studies showed for pyritlazinonc derivatives 
with a non substituted amide moiciy (R.3 = H) the 
importance of a methyl group at the 5 -posit ion for potent 
PDE3 inhibition. In both scries, flic iV-substtiution was 
preferred for a PDE4 acrivity. The c/.v-4a,5,6,7,8,ga-hexa. 
andc«-4a,5,S,Sa-«etrahydrophthala2i-nuncs {compaunfi^i 101 
with rings C and D, respectively) were the nwst potent 
derivatives wilh plCso at 8.4 and 8J, respectively. 
Molecular modeling studies showed that the c/.f-f\iscd 
cyclohcx(a)enc ring compounds do not owriap with the 
other hised-ring phthalazinoncs: the ci.T-fuiwd 
cyclohc.v(a)cne.s fill a different rejjion of space than the other 
fused rings which arc more or less coplanar with the 
heterocyclic cycle. Then, the synthesis and structurc-auttvity 
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relationships of new 4-aryl-substitutcd cw-4a,5,6,7,8.8a^exa 
(102} and m-4a.5,8,8a-tctrahydrophtharazmone (103) scries 
were rqvoitcd (319]. Several new derivatives were more 
potent than rolipram and citomitsst in term ot in vitro PDE4 
activity. In both scries, the 4-<3r4-«liaIlcoxyphciiyl) group 
was found caicia] for potent PDE4 inhibition and the SAR 
study in tins area was ^eneraUy found similar to chose 
evaluated in the past with 3,4-dialkoxyphcnyl inojety of 
various roUpram-likc PDE4 inhibitors such as RP-73401, 
However, in conlra&l to the inhibitors structurally related to 
rolipram, these phrhalozinonc scries were not found affected 



by the substitution of the J-mcthoxy group with larger 
hydrophobic moieties. 

Very recently, Byk Gulden teported novel scries of PDE4 
phthalazinoncs (Compounds 104 and 111) |320-32l ). In the 
first patent WO^I30766, the in vitro PDE4 activity of 6 
*r«--dcrivativcs (compounds 105-110) was presented; the 
-loglCsQ values were ranged from 7.81 to 9.71. The second 
patent WO-OI 30777, was related to new 
tctrahydrothiopyranyl phthalazinonc derivatives (compounds 
Itl); the -loglCso values of X compound«(, from «-02 to 
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9-43. were reported. The 4S, SK-m- derivatives seemed to be 
the n)ost potent PDti4 inhibitors (comparison betsvccn 114 
and 115). The aryf siibstitutjon with the 3-cyclopcnty!oxy-4- 
nwdioxyphenyl growp, strueturally- related to rolipram, or the 
2.2-df methyl- 7-mcthoxybcn;^ofiiran-4-yl moiety mctcajuxf tho 
m vitro PDE4 potency in compariSDn to the comrsptniding 
dimethoxy and dicthoxy derivatives (comparismi between 
119, 113, IIS and 1 14). 

The synthesis oi new series of pyridazinc derivatives 
(120. 122, and ! 23) were described by E Merck as potent 
PDiM inhibitors Utat could be ui>ed to ircut attcrgtc, 
tnflammiitory and autoimmune diseases [322-326J. No 
bioh>stcid duta were reported tbr the new pyridaztncs (120). 
such aut the 4-chloro-//-{3-(3-{3-«hoxy-4-mcthoaty-phertyl)- 



5 ,6-dihy dro- 2//-py ridazinc- 1 -carbony I ]-phcny I } -ben-zamide 
(121), atid for the new benzoyl pyridaxincs (122 and 123). 

In 1996, a new stnictural class of 1 -aiylnaphthatenc 
derivatives was reported as showing » selective PDE4 
tiriitbitory activity. Recently. Tanabc designed cmnpcHJttds 
(126) as hybrids of the fead T-440 ( 124) and compound 125 
[327]. An efficient synthesis of T-440 was described in 2000 
(328). Among the novel 1 -pyridylnaphthlcne compounds 
(126), T-2585.HCI (127) was 3 promising PDE4 setcctivc 
candidate with a PDE4 IC50 value at 0.13 nM. This 
compound provided good antispatimogcnic activities in 
guinca-pfg» intravenously for the reduction of the antigcn- 
tnduccd bronchoconstrictiCMi (I2D50 = 0.033 mg,ncg) and 
iniraduodcnally forihc diminution of the histamine-induccd 
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brodKKonsiricticHi (ED50 « 0.063 mg/kg). Weak 
card to vascular effects were observed during the cxperiniciits. 
T-2585 was less emetic than RP-73401 (3) aflcr oral 
administration in ferrets and intravenous administraiion in 
dogs; emciic events appeared in ferrets at 30 ing/Jcg 
instead of i tiig/kg for R.P>734til and in dogs al I mg/kg 
instead of 0.3 mgflcg for RP-73401. In JP-2000063275, 



Tanabe discfoscd 52 new medicinal cora^unds with a 
PDE4 inhibiting profile [329|. One of the spccincd 
candidate, tlw 4-<3-hydroxymethyt-6,7-dimeihoxyiso- 
quinolin- 1 -•yl>2-(4-mcthyl- 1 -oxO'2//-phthala2in-2-yl)pyridine 
(128) displayed 97% inhibition of broneboconstriction at I 
mg/lig in a guinea-pig hi^amine-induccd asthma model. 
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Diaxeplnoindotes and Pyrtixolodiaxepines 

Parke Davfe (Pfizer) reported ihc discovery of a novel 
scries of benzodiazepine derivatives (129) as PDE4 
inhibitors [330]. Regarding the cycle C, the S-membercd 
ring was preferred for an effective in vitro PDE4 activity. Iti 
compari.'wn to ihc (Icn'vativcs wiih a 6-mcmbercd ring or no 
rings C, the S-jncnibcrcd ring analogs are supposed lo 
increase the level of stmciurat rigidity and to adopt only 2 
tow>cncrgy confomiations. The active isomer was found to 
be of R configuration. Classical SAR studies on rings A, D 



and X were carried out and a single compound, CI- 101 8 
(14), was selected for further phannocoiogieal studies [248- 
251, and sec CI-I0I8 in chapter on clinical development of 
PDE4 inhibitorsj- 

Later on, starting from CM 01 8 (14), a SAR 
optimizfllion was undertaken to evoUiatc the cffecis of 
substitutions on both hetcroaromatic rings A and X and a 
novel scries of amitiodiazepiiioindoles was described i253}. 
In comparison to the derivatives wilh a methyl or a mctlioxy 
group at the 9-poshioo (Rl). dte primaiy amino analogs 
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were found to be ihc most potent PDE4 inhibitors with 
subniicFonioIarPOE4 IC505. in addtiion, the NH^gioup was 
preferred to improve the PDE4 .selectivity vcrstis PDEI , 
PDE3 and PDE5. The mono- and disubstttuted amino 
derivatives reduced the PDF4 selectivity as well. The SAR 
studies on X -ring remained unclear and several 
hcteroaromatic rings or substicutcd phenyl moieties wcie 
found able to improve in vUnt PDE4 activity. The 
improvement of the Nl-l2 introduction iit 9- position was 
particularly significant through the data obtained m vitro 
(JNF-a inhibition from hWB) but also hi vivo in rais 
(inhibition of TNF-a production and BAL eosinophil 
rccmilmcnt). In these difTcrcnt modcl<i, most amino 
dcrivaiives were by far more active than their corresponding 
methyl analogs and also more potent than cilomilast. 
Finally, several selected compounds showed improved 
therapeutic index belwccii efficacy and cmesis. CI- 1044 (15) 
was selected for further devefopmenr invcstigatton<; (254 » 
256-257. and see 01-1044 in chapter on Clinical 
Development of PDe4 inhibitorsj. The combination of three 
diffcrcni techniques of QSAR analysis was applied to the 
novel scries of benzodiazepines not only for improving the 
undcnitanding of the structural basis for the benzodiazepine 
afTmity to the catalytic center of the PDE4 enzyme but also 



for providing a new approach in the dcsiKn of PDE4 
inhibitors |33 1 J. 

Pfizer recently disclosed a series of ttovcl substituted 
pyrdzolodiazcpines (130) (332-3331. Several derivatives 
showed a pronM.sing inhibitory potency from human PDE4 
enzyme. Some iniercslmg compounds (13l>|3«) were from 
10 to 7000 fold more active than rolipram (P0B4 fCso " 
0.86 mM), The substitution of the oxygen atom of the amide 
moiety by a ailfiir atom led to compounds 1 .4 to 5 folds 
more active. In addition, in the same area, the introduciion 
of a cyanamide group drastically improved the in vitro 
PDE4 activity, -40 to 50 folds in comparison to the amido 
derivative activity. It was note worthy that bulkici 
hydrophobic groups at R I -position increased the in vitro 
PDE4 activity. 



Benxofurans, Benxoxaxotes, Benxothiaicolcs, lndolt»^ 
Pyra;eole$, Pyrrolidines, Pyrrolidinones and Thlaxoles 

In the past, various bcnzofuran derivatives wcfede.<(cribcd 
as potent PDE4 inhibitors. The use of benzofuran nucleus 
was reported by Rhdnc-Pouicnc Rorcf for the replacement of 
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ihe rolipram 3,4>dmIkoxy subunit More rccxmtly, Celltech- 
Chirascicnce reported the introduction of new 7- 
methoxybcn2ofiiran-4-carboxa)Tiides with different 
substitucnts at the 2.posiiion of the bcn/ofuran nucleus 
(137) [334-335J, Among the compounds 137, the ketone 
derivative was found to be the most potent PDE4 inhibitor 
with an ICjj) value at 0.0016 ^iM in comparison to the 
rolipram IC50 at 3,5 ^M. This compound provided an 
important sclcctiviCy for the catalytic site versus the rolipram 



binding site (tARRS/HARBS = (U137). Then, the 
replMcnrjcnt of the 3,5-dichloropyrid-4-yi with various 6- 
membcrcd aromatic rings was evaluated. Only, the 3- 
chloropyrid-4-yl derivative was in the same range of activity 
diiin the corresponding the 3,5-dichloropyrid-4-yl analog but 
with a Jower tARBS/HARBS ratio. Administered at 0.5, I, 
and to me/kg p.o,, the 2 -acetyl -7<mctlioxy-ben2orunuHt. 
carboxylie acid (3,S-dichJoro-pyri<h'n-4-yl>amidc sliowcd 
good activity across a variety of inflammation-induced 
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mediators in a guinea-pig skin cosinophilia modcj. Bnicsis 
iind CN$ effects were not observed with this compound in 
ferrets at the oral dose of 10 ing/kg. 

Very recently, Bayer developed new chemical scries 
sinicturaliy rerlatcd lo the bcnzo^iran nucleus. Novel 
bcnzofurany/aniinoalcoiiofs were reported as potent PDE4 
inhibitors with HARBS IC^oS bciwccn 0.0 J to 10 mM 
1336]. The specified candidate (138) showed a PDfi'l IC50 
value at 170 nM and inhibited the fMLP-induced superoxide 
production with an IC50 va/uc at 80 nM. 

In the same linie, a series of new benirofurany {sulfonates 
was described [33^. One of the most potent compounds 
fl39) provided an iCjo vaJue at I nM in inhibiting PDn4 
and in blocking tMLP-induced superoxide production. 



Bayer also disclosed a novel scries of cycloalkyi 
sub.stituted 3-urca-henzoftiranc5s {14fl) and of pyndofiirane- 
derivativcs f33S]. fhe compounds were reported io inhibit 
PDE4 activity and fMLP>induced superoxide production 
with IC 50 values in a range from 0.001 lo 10 pM and from 
0.07 lo lOpM, respectively. The specified compound was iV- 
(2-cyclohcxy Icacbony l-6-nietJioxybeni:oairan-3-yl)wea ( 1 4 1 >. 

Fimtliy^ a new scries of ollyohydroxyl subsiituied 
benzofuranO-yt (142) and pyridofuranyiurca derivatives 
(143) was designed p39}. ScveraJ compounds were 
exemplified with their biological data. 

New benzofuran carbox amides (144) stich as 145 and \46 
were reported to be TNF-a and PDG4 iuhibiiors by Darwin 
Discovery 1340J. No biological data wciu reported 
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Darwin Discovery invcsfigatecl novel analog scries 
closely related to {hcse bcnzofuran carbox amides with the 
corresponding bciizoxazolcs (147) such a,s 148 nnd 
bcnzothiazoies (149) such as ISO [341-342]. 

A new cbss of bcnsioxazoJcs (I SI) was disclose in a 
patent from Byfc Guklcn [343J. Most of Ihcsc compound;; 
might be r<^rdcd as hybrid molccutes of cHoniilast and 



6,S-ruscd aromatic ring systems including scvcra! novel 
bcnzoitazolc derivatives, acting as <:clcctive PDE4 inhibitors, 
were recently patented by Euroccltiquc f344J, Tltc 
compounds, such as compounds 154-157 exhibited higher In 
vitra PDE4 activity and selectivity than rolipram (PDE4 
ICm) *• 3.7 jiM) and were also more active to providiag 
bronchodiladng and tmti.tnflammat<Hy efTccts. 
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benzoxa^olcs. Ii was reported that t!tc introduction of a 
hydroxyl (153) or carboxyHc acid group (152) at the !- 
position uf I Kccyclo-hexane increased fhc solubility potency 
of sucli compounds. Moreover, the carboxylic acid derivative 
(152) was by far much more active than its corresponding 
methyl ester analog with a PDE4 pICsos at 7.69 atid 6.46. 
respectively. 



Euroccltiquc disdosed another new scries of 
bcnzoxazolcs (158) (34 Sj. The most potent bcnzoxa^olcs 
were reported to be PDe4 inhibitors with \C^% between 
0. 16 and 4 |iM (in comparison to 3.7 for the rolipram). 
TTic compounds 159 nnd 160 were among the most active 
candidates in vitro. 
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n»c Indolc-bascd scaffold was investigated by Merck 
Frost forihesynth&sisof new potent PDE4 inhibitors 
such as compound 162 (3461. No bk>logic»l data were 

reported. 

Euroceltiquc also reported ihc synthesis of novel aryl 
pyra/olcs. These derivatives provided similar or improved 
PDE4 inhibition in cotnpartsan lo rolipram 1347|. The 
preferred compounds were 3-(3-cyclopcntyloxy-4-mctho«y- 
bcnzyl;imino>-l//'4-hydroxynK;lhyl pynizoJc (163) and 3.(3- 
cyctopcntyloxy-4-methoxy4>enxyiamino>-l//-4.mcthoxyme> 
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IC$Q vaJucs of 33 compounds were reported between 0.053 
and 180.67 jiM. Nine compounds showed a LPS-stimulatcd 
TNF-a inhibiiiort with ICsos in a range from 0.52 io 6.2 
mM. I -cycJoIicxyl-3^-dimcthyJ- 1 //-pyra2oJc-4-carboxyl ic 
acid ethyl e»icr (167) displayed IC50 value of 0 053 m'VI 
against liuniau recombinant PDB48 and CC50 at 0.52 \iM in 
an inhibition model of LPS-stimulated TNF-a release from 
human peripheral blood lymphocytes. 3,5-dimcthyl-l-(3- 
nilrophenyl)- l//-py nizolc-4-carboxylic acid cihyl ester ( 1 66) 
provided a PDIS4 inhibiii<m with an fCjo vattie at 0.1 
and an efftcacy in vivo in an LPS mouse model with 70% 
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thyl pyrazo]c(l64) providing PDIM ICso values at 0.016 
and 0.17 jaM. respectively in comparison with the rolipram 
PDMIC5oai4 5 /tM 

Novel pyrazolcs derivatives (165). showing PDE4 and 
TNF-a inhibitory activities, useful for the treaiment of 
inflammatory disorders were claimed by Icos [348] The 



and 100% inhibition respectively at 10 and 100 mg/kg by 
intraperitoneal injection. The compounds of ibe invemiou 
were also claimed to reduce or eliminate advcrac CNS side 
effects and to produce a minimal or no emetic response. 

Icos recently claimed new scries of pyrrolidine 
den vij lives to be PDE4 inhibitors. New hydrazonc and 
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oximc analogs of pyrmlidinc (169) were described in WO- 
0146136 f349]. The 4 compounds were evaluated using a 
coinbiticd mouse etidoioxin-srinttilated TNF-o release and 
locoinoior activity assay. The percentages of activity 
(mobility), at 50 mg/kg at 64% and 6% for 170 and 
171, respectively, were not related to the in vitro PDK4 data. 
However, accordint^y to the in vitro P0E4 results, ilic I2D50 
values for 173 and 172, respectively, were at 7 mg/kg atid > 
50 m(j^kg. 

Novel 3-thia7ol-4-yfpyrrolidi nc.s(t74) such a$ 17$ were 
rcfwrtcd m VVO-0I46I84 f350]. Close analogs (176) such as 
177 were also rcptJrted in WO-0 147914 | 3S1]. 



New pyrrol id ir»cs derivatives (178) joich as 179 wcrc 
claimed in WO-01 47879 [352]. 

in WOO 147905 and in W0^3I479I5, Iocs disclosed 
P0I:4 pyrrolidines (J«0 and 1«5) structurally close lo ihe 
previous scries [353-354]. The compounds were claimed for 
Iheir rDK4 and TNF-a inhibitory potency and for their 
abiltiy to reduce CiVS and emetic side eftects. The 
compounds 181 atid i«2 provided similar PDK4 and LPS- 
stimulated TNF-a release inhibition. However, ihc Z 
compounds showed vciy dincrcnt behavioral profdcs. 
Therefore, ii seemed that the absolute conftguratton of such 
PDE4 inhibitors significantly contributed to discriminate 




9 



J77 




f75 / 






• 79 * (JS, 4S> mix lure or iliiurcnroaofncis 
hr«:roii4 K:w-5l.7nM 
t»B L/TNF « ECjo - S*m nM 
%n»ibflilyat50 ti^kg Ip, • 145% 



i ufrtnt PhoftHin etUkai Dexign. 2002, Voi. 9, .V«l N 121U 




nio 



yy^c :x5H: ':ayt 



CMS khieefl'«ctt:MWfe 



CNS ftide c ffcc i»: nv effect 



CNS »ide effects: no effect 



If4 

brcct>PE4IC»»5r4.7nM 
CNSsUc effects; nucffciftl 



Q 



lii5 




Q 



111- tc-tas 




hrccPDW ICVo- 79.:) nM 



efficacy and CNS ^itic effect propensity. Both compounds 
%Hi and iS2. utter omi or thtravonous injection (2.5 to 25 
mg/kg and I to 5 mg/kg. rcspccrivcly) produced a dose 
rvsponsc of ihc emetic behavior. Compound 181 was by far 
much inorc emetic than compound 182- Recently, IC-485 
(20), was reported w begin a phase 1 trial for Ihc oral 
treatment of inflammatory condiitons (chapter on clinical 
candidates, 266). 

le<}s extended its PDE4 research through the 
invcfiUgaticHi of novel pyrmlc derivatives (I87a-b) (355|. 



TTicsc compounds, such as J 88, were claimed lo be PDE4 
and TNF-a inhibitors, [n addition, they were tcporicd to 
reduce adverse CNS sidecfTccuc and to induce a minimal or 
no emetic responses. 

Merck Frost investigated a novel scries of ihiazolc 
derivatives (189) [356). The candidates were IriaryU 
subslituied ethane analogs. The in vitro IC50 values with 
regards to the cAMP hydrolysis inhibition were in a range 
beiViVcn'O.Ol and 20 nM. In vivo^ these compounds were 
active in reducing eosinophilia and accumulation of other 
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inflami«atory leukocytes after oral or intraperitoneal dosages 
from 0.001 to 10 mgrtcg. No specific data were presented. 



Isoindolindiones or Thalidomide Analogs 

Tlialidomidc (24) was described as a specific mhibiior of 
a LPS-utduccd TNF-a production (357]. Theretbra^ 
thalidomide analogs were synthcsizt^I and demonstrated a 
good correlation beiwcen TNF-a inhibition and PDE4 
inhibition. In 2000, Dacwoong investigated tlic T^f^-a 
iiihibiioiy cftbct of a novel scries of compounds designing 



ihrough a combinrttinn between rolipram (1) and thalidomide 
(24) P58], 2 . p-(cyclopcntyloxy)-4-raethoxyphenyl3.I,3- 
lifoindoHii-dione (191) displayed a potcnr in vitro TNF-a 




I9S 




ito 



Inhibiiion in LPS-sttnnilated RAW264.7 cells with an IC50 
at 0.68 ^.M ID comparison lo ICsos at 0.1 |iM and 194 |iM 
for rolipram (I) and thalidomide (24), respectively. 

In the past. Cclgcnc described modifications of 
thalidomide derivatives for enhancing TNF-a inhibitory 
activity. More recently, Celgenc synthesized novel 
thalidomide analogs (IV2, 194, and such as 193, 195 
such 197, rcspccuvely. The compounds 192 were found to 
dLHplay multiple potL-ncies including TNF-« antagonism, 
matrix mctalloprotcinase inhibiiion and PDE4 inhibition 




r3591. The oxadiazoles 194 and substituted acylhydroxamic. 
acids !9tf were reported to be PDE4 and TNF-« inhibitois 
(3^361]. .Vo btotogtcal data were reported. 
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Benzy laden ines. Purines and Condensed- Purines 

Adenine deiivatives substtluicd at Q-position (198) were 
found to provide a highly selective PD£4 inhibition [3621. 
These compounds were compared to RP-7340I. The most 
promisir^ compound, NCS-6 13 (199) was further evaluated 
»i m/w. NCS-613 (199) dose deficndcntly (I, JO. and 30 
mg/Ifg p.a.) inhibited ihc LPS-induccd neutrophil 
recruiiinent in mice BAL fluid. After intnvciious 



administration of NCS-613 fronn 0.3 to 30 mg/kg, no 
gasnic acid secretions in rats wore observed suggesting that 
sucli a compound may produce an imintivcd thcf«fM»Jtic 
index versus Ihc finii-gcneration of compound (RP-7340f ), 

CuroceUiquc reported new swrics of purine derivatives 
(20ft, 203. at»d 205) [363-365]. Such compounds havinK a 
PDE4 activity could be uscfu! for the trcaimctit of several 
diseases including asthma^ allergies and inflamniation. 
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itt WO-Oi)5<M4% 8-(i-Bcnzyk>xyO-nnsthyi-ethyJ>.3-<3- 
cyctopcnty ioxy-4.mcttH}xy-beiizy l)-3//-punn-6- yiaminc (20 1 ) 
was much more active than the standard theophylline (PDE4 
IC5« = I ^M). f3-(3-CycfopCTiiyloxy-4-mcihoxy-benzyl)-fJ- 
i.sopropylO//-ptirin-6-yl|-cthyl-aminc (202) was evaluated in 
VIVO showing 64% inhibition of eosinophils in guinea pig 
BAL at the /./?. dose of 5 mg/kg. In WO'0111967, a scries 
of hypoxamhine derivatives was investigated. It was staled 
that such compounds could be potent PDE4 inhibitois, eg, 
compound 204 providing a PDE4 ICso value al 0.0003 |iM. 

in the past. 3.4-dipropyl-4,5,7,8-tctrahydro-3//-imidnzo 
n.2-'Jpiiriii-5-one (207) was described with a selective PDP.4 
aciiviiy. Then, novel cotidcnscd-purines (208) were designed 
with the aim of avoiding ihe xanthimc-rclated adverseefrccis 
[J66]. The two derivatives with n = 3 and n ^ 4 were 
synthesized and found not active on PDEi4. Recently, ihc 
synihesis of 3-pheiiylxai«hjnes (209) and 4- 
phenylf/]condensed-purines(2I0) was pertbrmcd (367 j. \n 
both series, comp(?unds showing a PDI24 activity were 
identified. In the 3-phcnyIxanihine scries (209f), the 
derivative with Rl - nBu and R2 = H was the most active 
on PDE4 With an ICjo value at 9.4 |tM. In the 4- 
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phcnylf/Jcondensed-purine scries (210), only tte derivittfvcs 
with Rl ^ nPr provided a PDE4 activity with tCjoS at 15 
and 5.7 luM, respectively for n « 2 and n 3. 



Other Series: Pyridines, Nicottnamiaes, Benzamldcs^ 
Arylsulfone Hydroatamates 

iaasscn described a ocw series of dialkoxy- 
pyrydylalfcyimidazolidines as selective PDE4 inhibitors 
f36«|. tt was reported that a pyridyl group within the 
catechol pliarmacopliorc mighl lead to PD£4 active 
compound'^ (21 1-214). 

Dainippon disclosed a new class of 2,3-disubsticuicd 
pyridines with potent PDU4 activity and good 
bronchodilaling propensity 1369]. Therefore, the compounds 
such as 215 could be used to treat or prevent allergic and 
inflammatory status. 4- J3-t2.(3-Chloro-phenoxy)-pyridi -3 - 
yioxyj - propyl)- pyridin-3-ol (2i5) inhibited guinea pig 
PDE4 wiih an ICso at 15.7 nM. fn vivo, the compound 
dosc-dcpcndenily (3-30 mg/kg) inhibited the antigen-induced 
broncboconstriction after oral administration. 



!»Da : 56%inhibj<ionat XyxM 
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t»DE4 : 75% inhtbition at ;00 nM 
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l'Ufi4 ; 60% iRhibitwn tit 100 nM 
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VOfA :59%inhibilkMtAt in()nM 
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New nicotmaintde derivatives such as the pyrimidtne 
carboxamidc 216 were disclosed as PD64 inliibitoni by 
Pfizer (370-371 j. /« ti/ro, the bronchospasmolytic activity 
was found with IC50S it; a range between 0,001 and I |iM. 



eccetcrating opHiniziition process (375]. The introduction of 
a 3,4-dialkoxy group on R2 position provided selective 
PDE4 inhibitor wirh a nanomolar range of activity, hi order 
to increase the PDE4 activity, the replaccmcnl of the 3,4- 




110^ JL JL .K2 




22 1 

MMP-I Ki-?.nW 
MMP-3 Ki«O.S ^^M 
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MMM IC„>IOtiM 
MMP-3 ICjM, > 10 fiM 



/n vivo, the compounds were slated to exhibit in jjuinca pigs 
a bronchodilator activity at doses from 0.00 f to 0.1 mg/kg 
i.v. or from 0.1 to 5 m^^lcg i.d.: no specific biological data 
were provided. 

fn the WO patent applications. WO-0048998 and WO- 
002620ft, novel amtnobcnzamidc and Af-uxide derivatives 
(217 and 219 rc-spcc lively) were disclosed by Darwin 
Discovcfy f372-373]. The conipound-s 217 and 219 were 
reported 10 be scfeciivc PDH4 inhibitors and blockers for 
TNF-a production und eosirtuphil accumulation. The 
compounds 219 such as 220 showed improvements with 
regards to the soiubtiity. the metabolic stability and ttw 
pharmacokinetic profile. No biological data were mentioned. 

The first compounds simultaneously inhibiting both 
PDE4 and MMP* 1, 2 and 3 were reported in 1999 by 
RJtdnC'Poulenc Rohivr and were represented by the ^ 
(arylsulfonyl)hydroxamic acid (221) [3 74 J. A ^olid-phase 
synthesis of an arylsulfonc hydroxam^c lead optimization 
library (222) was further dcscribixi and the biolo(»ical activity 
data directly (Stained from the library, wtihoui any fitnhcr 
puriftcatiw, Jthowed the potential of this type of the 



dimclhuxy-phenyl group by the 3-0-cyclopcniyU4-0- 
mcrhfyl-bcnzcne ntoicly was appropriate in some cases. The 
modificotions of the R I group showed that .sieric and polar 
substitucnts led to acceptable POli4 activity. 
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hitracetluiar let.'ch of cyclic nucleotides are closely regulated hy 
dhtiMct familks ofPDEs, tultich are respcnfihie for the bretikdown 
ttmt ikgradalion of cyclic nucleittide^ toitliin cells. Tyf»: 4 PDEs 
have the potcticy to modulate the release of inflnmmatory 
mediators through cAMP-dcpeirdent and -itidependeik 
medumisms. Selective largethig of POE4 is curmitly being 
iHvesligttted tts a novel therapeutic aftprvnck in the irealmenl of 
injiamnuiticn-assoti/tfed resfiiratory diseases siic/r tts nsthm and 
COPD. Ttte deaeloftment ^ several PDE4 inhibitors, inctuding 
roftumdast ami ciktwilnst, tvfieets the sttccess of this apfwach. hi 
priitdfile, therapeutic intervention of an inflamunttory rvsfMmse hy 
PpE4 itdtUritors may be extended to other chronic infimnmatory 
disease states such as fisoria^is, ilicumtttoid ttrthritis and 
infltwmatory bowel diseases (eg, Cn)lm's disease and ulcerative 
tvHtis). ms review explores thcfeasiMily ofPDE4 inhibitors as a 
promising alfemative fin tlicmfiailic interneuHon in systemic 
inflammation and itiflammation-based discnse. 

Keywords Arthritis, cAMP, innammaHoTv innntnmatory 
bowel disease, iiihiWHon, PDE4 

Introduction 

The secoiid messenger cAMP, generated cytosolicaily by 
adenylate cyclases, is pivo^l to a myriad of cellular 
fuiictions. Intracellular altcTalioiw in cAMP are translated 
into cellular responses through cAMP-depeodenl protein 
kinase A (MCA). StgnaUng responses mediated by cAMP are 
compartmentalized and temporal cAMP gradients ailow for 
the activation of spatially distinct pools o/ PKA-mediafed 
regulation [Ij. Various PKA tsoforms are anchored at 
specific intracellular sites by A-kinase anchoring proteins 
that allow for discrete PKA populations to ra^spund to cAMP 
gradients and modify localized target proteins [^3J The 
characteristics of cAMP gradients are dependent upon the 
activity of adenylate cyclases, which generate cAMP and 
PDEs titat tailor cAMP degradation. The PDE superfamily of 
enxymcs comprises at least tl members (Table 1) capable of 
mediating hydrolysis of cyclic monophosphate nudeottdes 
such as CAMP and cGMP {43|. 



theophylline) provided hjrlher evidence for investigating the 
pharmacological control of intracellular levels of cAMP in 
proinflanimaioiy and immunocompcient celb P-llJ, and for 
PDE4 as an effective therapeutic target in a varie^ of 
inflammation-based diseases. The mechanism of action of PDE4 
inhilMtoK» is sununarized In Kij^ie 1. 

Flqur> 1. Mechanism of acflpn of PDe4 tnhlWiofs. 
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POE4 subtypes represent the major class of PDEs expnssMid in a 
variety of cells, particulariy macrophages, eosinophils and 
neutrophils, which are cenlmt to the inUiation and progression 
of an inflammatory imnuine response. The therapeutic 
approach is based on the chronic infTammatory nature of 
a^rtmn diseases and the observaHon that inaeasing cjdic 
nucleotides via PDE inhibition leads to the alleviation of 
various pminfbmmatory parameteis nxi3,14«I. Positive 
results from pharmacuiogtcal studies and clinical trials 
evaluating the efficacy of selecUve rDE4 inhibitois in 
respiratory diseases vatidate this hypothess |15.17|. 

Inflammation is the basic response to infection and/or 
external and internal Injury. Both inflammalory and 
autoimmune diseases are often associated with deregulated 
expression and biosynthesis of inflammatory cytokines 
which influence a plethora of cellular funcKons. Down' 
modulation of an inflammatory signal concomitant with 
amplification of a counter anti-inflammatory signal would 
provide a rational approach to the treatment of 
mflammalory diseases Insights into the molecular 
mechanisms of the regulatory roJe of cytokines in the 
amplification of an in/lammatory cascade may also provide 
a new approach for pharmacological intervention. 



PD&s are cyclic nucleotide hydnilyzing enzymes that are 
spatially distributed in various tissues. While there is a wide 
distrtbuHon of these enzymes inflammatory cells critical to 
the pathogenesis of inflammatory diseases, including 
asthma and COPD, prefcrentially express PDE4 This andii\g 
led to the search for subtype-selective inhibitors of PCffis |6-«f. 
The dtnicat efficacy of non^elecUve TOE! Inhibitois {eg. 



PDE4 inhibftion and inflammatJon 

The chemothcrapcutic potential of PDE4 inhibition is 
centered on the immunumodulalory properties uf cyclic 
nucleotides. Nonspecific inhibition of l»DEs by 
penloxifyllino results in a pharmacologically efficient 
niodutation of immune functfons and has clinical 
implications in regulating proinflammatory cytokines flSt 
and the treatment of bnonclmpuimonary dysplasia and 
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Tabia 1. Clasafflcation of the PDE famity. 



POE family 



PDE4 



Substrata 



Specific mhib'itors 



Nimodipine 



EHNA 



Cilostamida, milHnorta 



Roiipfam, Ro-20-1724. RoflumHsst (ALTANA Pharnia AG/ 
Tanafae Seiyaku Co Ltd) 



Property 



Ca-caUr^dulin activated 



cGMP activated 



cOMP tnhitHted 



cGMP insensilfve 



PPES 
P0E6 



cGMP 
cGMP 



Zaprinast, OMPPO, £-4021. sildenafil 
Zaprinast> OMPPO, e^02l, sildenafil 



PKA/PKG phosphoiyiaiad 



POE7 
POEa 



cAMP 
cAMP 



BRL-S0481 (GlaxaSmiaiiqirMi pic) 
Unkrtown 



TtansducOT activated 



Ronpram insensitive 
IBMX insansittve 



cAMP, cGMP 



IBMX insensitive 



BAY-65g207 



efythro-S^a-hvdre^xy-a-nonyljQcten&ie. 



sepsis \2Ql cAMP clcvatiof) tn immunoeompl'tcnt cells 
suppresses or inhibits llie release of innammatory mediators 
and relevant cyiokine*, as well as the rtcruiimont and 
activation of inflammatory cells. Cytokines such as IL-1^ 
and TNF« upregulate cell adhesion molecules such as 
P-scIectj'n, E-selcctin, IC/\M.1 and vascular cell adhesion 
molecule (21,22/. PDE* inhibitors abrogate several T- 
lyniphocytc functions, and intta-cepl T-cell activation and 
downstream st^iating events. Agonitts oj-ieraling via t}te 
adenylate cyclase pathway or cell permeable cAMP analoj^, 
inhibit T-cell activation by interfering with phosphatidyl- 
inositol turnover, which increases inlracellular Ca»* 
mobiliKatton and protein kinase C activation {23.26|. Effc-cts 
of the T-cdl antigen-receptor (TCR) comptex and 
transcription factors such as nuclear factor of activated T- 
cells, NFkB and activator protcin-1 on phosphorylation have 
also been reported [27]. Inhibitory efftxis of cAMP on T-cell 
functions have been related to PKA-triggefcd 
phosphorylation and subsequent activation of the small 
tyrosine kinase Csk that inhibits Lck, a pivotal tyrosine 
kinase Jnediating TCR signaling \2B^l The localization of 
PDE4 within the lipid raft signal following anti-CD28 
costiniulalion may also form the basis for the efficacy of 
PDE4 inhibitors in pieventing multiple T-cell functions 
triggered by anti-C03/anti-CD28 costimulation (30J. Thus, 
the mechanics of inhibition are pertinent to allergen-induced 
T-cdl activation and thcrefyre of consequence to allergic 
diiKase. PDE4 inhibitors suppress the production of 
proliferation-driven Thl and Th2 tyJokines such as IFtNy, 
IL-^ IL-4, lL-5 and (L-13 (31.32J, as well as reducing 
Table g. Effects of PDE4 Inhitiftors on Immune catia. 



cytokine levels in viw (33,34J. The effects of PDE4 inhibition 
m diverse cell types are summarised in Table 2. 

Contradictory evidence exists on the effects of PDE4 
inhibition on cytokine production. In Thi-drtven disease 
states, the ability of PDE4 inhibitors to reduce cytokine 
production is greater for the Thl cytokines IL«2 and fFNy 
than for IL-4 or Indicating a greater clinical benefit of 
Thl cytokines in autoimmunity 135,36]. However, in allergic 
disease models the inhibition of Th2 cytokines such ns IL-S 
was greater than that for Thl cytokines such as IL-2, 
CM-CSF and IFNy, indicating a preferential Th2 inhibitory 
potential f37|. The basis for sensitivity to inhibition of Thl 
versus Th2 cytokines thus seems dependent on the dismsc 
model. Whether PDE4 inhibitors have increased therapeutic 
potential in typical Thl- (eg, rheumatoid arthritis IRAj and 
inflammatory bowel disease {IBD|) or Th2- (eg, asthma and 
atopic dermatlUs) mediated diseases Ls still unclear. 

PDB4 inhibitors in asthma and COPD 

Over the last 15 years there has been much excitement in the 
suggestion that targeting PDE4 with small-moleculo 
inhtUtors could lead to the development of novel, steroid- 
Sparing compounds with utility in a multitude of diseases 
associated with c^ironic inflammation, particularly asthma 
<ind COPD. Several candidate PDE4 inhibitors have been 
investigated, but only cilomilasl (ClaxoSmithkline plc> and 
rofluniilast (ALTANA Pharma AC/Ta^abe Seiyafcu Co Ltd) 
have proceeded to prc-rcgist ration and phase Ilf clinical 
trials, respectively p8,39J. 
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Despite emvur.iging data from phase in trials of these 
cv>mpourui& in COf*D, their approval has been hampered by 
thrir low thcrftpeutic ratio. Currently, Ctax<£mithKrine lists 
cilomilast ns 'approvabk- (40j nnd ALTaNA flwrnw/ 
Tanabe Skityaku are still investigating roflumtlost in Japan 
(41 1. There are a number of excellent reviews on the 
potential of PDE4 inhibitors for the treatment of asthjtta and 
COPD 142».,43«.44",45«..46-,47|. and thus Ihey will not 
be discussed further in this review. 

PD£4 tnMbiVon In artfirftis 

Arthritis is Ihe leading cause of physical disability 
worldwide and comprises t»vcr 100 different disease 
conditions, iiKltiding RA, osteoarthritis, psoriatic arthritis, 
fibromyalgia and gout liA is a chronic systemic 
autoimmune inflammatory disease characteriztMi by 
nonspecific inflammation of the peripheral joints, potentially 
resultirtg in progressive destruction of articular and 
pcrtarHcular structures. Lymphocyte infiltration to the 
synovial tissue, as wcJI as that of n^acrophagcs and their 
cytokines (eg, TNFa and GMCSF), and increased 
expression of adhesion molecules, contribute to 
inflammatory cell emigration and retention in the synovial 
tissue, and disease pathogenesis (4S>49I. 

Data from knockout niioe demonstrated thai TNJ"a and IL-ip 
are prominent in the pathogenesis of RA 150,51). Cenetically 
altered mice overexpressing TNF« spontaneously develop 
KA-likc lesions in the joints with progressive inflammation 
and bone destruction f52,53j. Muwever, disease 
development is abrogated by pa.'isivc- immunization with an 
anli-IL-1 (J receptor antibody suggesting an indirect role for 
TNFa [541. Genetically susceptible DBA/1| mice show 
increased TNFa expression in the synovial lining of the 
inflamed joints following immtinizatior\ with type 11 
collagen, concurrent with rhe onset of symptoms (55j. It is 
uncli.»ar whether 1>JFa directly mediates this process and/or 
Is a secondary effect linked to the expression of TNF- 
induced proin/lamniatory cytokines such as IL-IP and other 
chemokines [56^7]. Disease development may therefore 
result from the combined effect of dysregulated" expression 
of .<tcvcral proinflammatory cytokines, such as TNFa 
andlL-10, along with insufficient pn:>duclion of anti- 
inflanvnatory cytokines, such as f L-10. 

The cAMP pathway represents a useful thcrapetitic target in 
RA due to its opposing effects on both TNF« and IL IO. 
Elevation of intracellular levels of cAMP in leukocytes by 
PDC* inhibitors is accompanied by a significant Inhibition of 
TNFa production at a transcriptional and translational level, 
Forskolin, an ad^ylate cyclase activator, also inhibits TNFa 
production. cAMP response element-binding (CKED) 
proteins arc involved in synovial cell activity in patients 
with RA and inhibition of CKEB activity corrc>cts jberrant 
synovial cell furttions in these paltenis {5SJ. Kolipram, a 
POE inhibitor, amolioralcs collagen-induced arthritis in 
murine experimental m<Klels 159|, Ptclainiiiist and 
rofhintilast, both selective PDE4 inhibitors, partiafly 
attenuate the fL-10Hnduced niirk^ oxide production that 
cuntribuk-s lu cartilage degradation in cRfteoortlwitis, 
sugg*»ting lh«t PDE4 tnhibttnm may alsu have 



chondroprotective effects [60j. While roflumilast is still 
undergoing clinical studies, the development of rolipram 
and pklamitast was discontinued in 2000 and 19%, 
rcKpcctively {6l-65|. 

PDE4 activity is ^-tssociated with a wide variety of 
ii^ammatory diseases and thus the regulation of 
proinflammatory cytokine production through PDE4 
activity is being investigated for therapeutic utility in 
patients with KA. However, it must be noted that minimal 
models of arthritis are induced and do not occur naturally; 
therefore, while they may demonstrate 'arthritls-likc 
symptoms', the series of events are not truly reflective of 
human pathogenesis. For exaniple. the collagen-induced 
rodei^ model for arthritis is based on the development of 
antibixifcs against collagen, a feature not observed in most 
clinical cases. Tliis presents a serious limitation In 
understanding the disease-system dynamics and also the 
assessment of drugs and devising strategies for 
chemotherapeutic intervention. As a result, whlk* pnarUnlcal 
data often support the ciinical applicaHon of PDE4 
inhibitors, the branstatiun of this efficacy to success in trials 
can prove difficult 

Pathogenesis in tBD 

Chronic IBDs are debilitating disorders of unknown etiology 
whose incidence is on the rise worldwide. Two jnain 
categories of IBD are ulcerative colitis and Crohn's disease 
{64,65j. Ulcerative colitis is characterized by recurring 
episodes of innammation restricted to the mucosal layer of 
the rectum and may extend proximally. Crohn's disease is 
characterized by transmural inflammation of any part of the 
bowd, from the mouth to the anus. The prevalence of 
ulcerative colitis and Crohn's disease ranges from 10 to 
70 per 100,000 individuals. 

A variety of cytokines, such as TNFa, IL-ip, IL-6 and 
II--8, contribute to immune stimulation, ai^d cause intestinal 
tissue damage and T-hclper {Th> cell differentiation. Thl 
cells are associated principally with Crohn's disease, 
whereas Th2 cells are associated principally with ulcerative 
colitis. Existing therapies prcdominanrly include 
aminosalicylates and steroids for both diseases; however, 
they arc not useful for maintaining remission [66]. Currei« 
IBD therapy therefore utilises nonspecific anti-inflamniatoty 
and immunosuppressive agenht diat are only partially 
effective and have serious side effects. Furthermore, a 
significant pmpf»rHon of patients am either steroid n.<sistant 
(■-J5 to 20%) or steroid dependent (-25 to 30%). Anti-TNFa 
has been explored as a therapy for IBDs, and infliximab 
(Remicade) became the first biological agent to be approved 
by the FDA for ihe treatment of IBD, and has since 
demonstrated efficacy for the acute management of 
inflammatory and fistulous Crohn's disease f67j. A 
r*EGytated form of anti-TNFfH antibody, CD|J^70 (UCB SA, 
formerly CclltechK has demonstrated cfficacv and is 
currently pre-rcgistered in the US and Europe for Crohn's' 
disease [68.69|. TTiese develt^ments have provided a 
ratiohnlc for the development of oiher biological agents that 
tai^el ttie inflaninkakoiy cytokine pathway of Ihe immune 
respunse. 
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The sucoiss of inflixiniab .i^^dinst Cruhn'$ disease 
dcjnonsitmtxis TNFa as a functional therapeutic target. PDE4 
inhibitors are potent suppresscws of proinflammntory 
cyiokintis. particularly TNFa. suggesting that they could 
also be ef/ecUve in [BD, rD£i4 ini>itMlors stimulate the release 
of anti-inflammatory mediators such as lL-10 and PGEi, 
which are major regulators of inflaramation in the gut pQ\. 
For example, cilomiiast inhibits flbroblast-mediated 
collagen-gel degradation Induced by TNFa and neutrophil 
elastasc by suppressing the release of the matrix 
meralloprotefises (MMPs) ] and 9 [71 1. Given that MMPs are 
assc»ciated with tissue destrticlion, this pathway may be an 
additional made through which PDE4 inhibitors contribute 
to IBD therapies. rDE4 inhibitors also prevent and reverse 
gastrointestinal Inflarnmattcin in several animal models. 
Their clinical benefit in respiratory diseajw is partly 
attributable to tts moduialion nf airway remodeling. Tissue 
remodeling is an imporLini feature of IBD and when 
extended to the gut epithelium could also translate to a 
therapeutic benefit in inflammation-based disorders of the 
gastrointestinal tract. Furthermore, the ability of PDE4 
inhibitors to reduce the proinflammatory properties of 
leukocytes and maintain mucosal blood How provides a 
spixtrum of biological activities jioi observed with current 
medications. Tetomilast (Otsuka FharmaccuHcal Co Ltd) is a 
small-molecule inhibitor of PDE4 that has shown promise in 
the treatment of ulcerative colitis, and is currently 
undergoing phase III clinical trials for this indication [72|. 
CC-1088, a thalidomide analog and PDE4 inhibitor, had 
completed a phase l/U double-blind, placebo-controlled trial 
in moderate-to-suvere Crohn's disease which sliuwed the 
compound to be safe and well tolerated (73|. However, this 
compound is no longer being developed by Celgenc Corp, 
and the company fs now focusing on another compound in 
the original series. CC-10tHH, for the treatn;ent of 
inflammatory diseases (particularly psoriasis) (74|. PDE4 
inhibition thus appears to be a viable therapeutic target for 
gut inflammation [70J. In addition, compounds that are 
cither not absort?eti into portal circulaticm or that undergo 
extensive mctafaolBim (stKh as that indicated for 



bvidcsonidc) may have an tm(M-oved safety profile over 
current therapies. 

Inflammatory disorders of tha skin 

Psoriasis is a chronic inflammatory skin disoider caused by 
inflammatory ctll infUlration into the dermis and epidermtiv 
and is accompanied with keraHnocyte hyperproliferation [75J. U 
is a complex disease and a comtrination erf genetic ai^ 
enviroraitenlal factofs are likely to be causative. Cytokines such 
as TNFa^ IFNyand chemokines onrhestrate the development of 
pstiriasis. TNFa is one of the primary cytokines that facilitates 
T-ceM:antigen-preseftting cell interacHon by enhancing adhesion 
molecules such as JCAM-] and thereby irutiaHng the cascade of 
immune activation [76]. As PD/i4 is also expressed in 
kerotinocytes, these cells may be additional pharmacological 
targets of POE4 inhibitors for the a>nnt>l erf inflammatory ^n 
disordeis 177-^0), In fact GlaxoSmithKline (under Hcense from 
elbkm AG) is developing a topical formulation of AWD-12-281 
for the treatment of atopic dermatitis [81}. 

in addition to the indications mentioned above, PDE4 
inhibitors have also been investigated for tite treatnwnt of 
age-related memory impairment and Alzheinwi's disease 
[82i, as well as skeletal muscle atrophy {83], hypertension 
I84| and autoimmune diseases (85). However, their 
therapeutic benefits in these indications hav« yet to be 
demonstrated in theclintcat setting. 

Strategies to avoid the side effects of oral 
P0E4 Inhibitors 

The current PDE4 inhibitors in advanced stages of clinical 
development cilomilast and roflumtlast, have demonstrated 
encouraging efficacy in patients with COPD and have a 
superior safety/ lolerability profile compared with 
nonselertiv<: VDE inhibitors .such as thc?ophylline (llj and 
first generation PDE4 inhibitors such as rolipram (14»^. The 
occurrence of :9tde effects such as nausea, vomiting and 
gastric acid secretion has led to the search for nc^v inhibitors 
with better efficacy profiles. Table 3 summarizts the current 
status of PDE4 inhibitors in various stages of development. 



Compound 

Cilomilast (<^xDSmithKJfne pic) 
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Development status 
Pr«.fcgistratk3n 


COPD, asthma 
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Phase IK matt 


COPO. aslfima, bKmchftts 
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Tablq 3. Saject»d PDg4 Inhibitors In development (eontittoBdj. 



iwwN-wi |iHeo<ciriov9 inc) 

H ° 

CH. CH, 


DeweioiHnent status 

Phase ill trials 


Indfeatfon ' "" 

Asttima, cystife 


ftoiumlasi (ALTANA Phamna AG/Tanabe Seiyaku Co 
Lid) 


Phas^m trials 


COPD, asthma 


Tetomlla$t (Otsuka Pharmaceutical Co Ltd) 

256068 (GlaxoSmithKline pic) 
C-3885 (MercK & Co \nc) 
CC-1 0004 <Ce<gene Corp) 


Phase m trials 

Phase 11 trials 
Rtase II trials 


COPO, IBO. ulcerative oolltts 

AJIergtc rhrniHs. COPO, InflammatifMi. asthma 

AHergic fhinills 


IPL-455903 (Helicon Therapauiics fricl 
MEM-1 4 14 (Memory Pharmaceuteals Com) 
Oglemilast (Gienraark Pharmacttutfcals Ltd^orest 
LaboRiiofles tncTTeyin Ud) 


Phase II trials 
Phase II Wats 
Phase tl trials 
Phase {l triafs 


innamm^ion. psoiiasls, asthma 

Cognition disorder 

Alzheimer's dij^ase 

COPD. rheumatoid arthritis, astfima 


Tonmflast (P<5zer Inc) 


Phase t/ii trials 


Allergy, respiraiory disease 


eHT^3202 (ExooHil "niBrapeubcs SA) 
lAS-37779 (Aftnirart Prodesfarma SA) 


Phase 1 trtais 

Phase r trials 
=*hase 1 trials 


Atopic dermatilis 

^izheirners disease, newodeaenerative disease 


NO-125 {Evotec AG. <<jrmarty Naoro3d SA) | 
A series se^ectivo cytolane inhfeftory drugs, 
jrK:ludtr>g CC-1 1050 (Ceipene Corp) 


Phase 1 trtais 

[discovery { 


'sonasis 

^ajcM- depresawe disorder 

I^ongesUve heart tenure, ^flammaiion, autoimmune 
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Tabto 3. S<l«ci«d PPE4 Inhibitors in development (conUnued^, 



Compouncl 

ONO-612Q (S»ilen Pharmaceuticat Co Lid) 

o 


Development status 
Discovery 


Indication n 
Allergy. conjundlvfUa 


CC-70d5 (Celgene Corp) 

KW'44dO (Kyow9 Hakko Kofivo Co ttd) 


No devetopfnent 

reported 

OfsocMitiruied 


Fnflammahon 
Asthma 



The therapeutic promise of PDE4 inhibitors has been 
tempered due to the dt-velopment of side effects, 
pnriicularly nau$eii, emesis and head.iche, iind potentially 
fatiil conditions such as vasculitis and colitis (96]. All PDEA 
inhibitors are emetic to a certain dcgri.<e, suggesting that 
cAMP elevation in the emetic centers triggcm an enictfe: 
response [S7^\. 

A correlation of low-affinity rotiprani-blnding site (LARBS) 
with inhibition of cAMP hydrolysis is related to the nnti- 
inflanimatoiy properties, while the high-affinity roiipram 
binding site (HARDS) correlates with the production of 
certain side effects t89j. Rolipram binds w/lh high affinity to 
HAKBS and lo%v' affinity to LARBS and consequently is 
highly emetic al therapeutic doses (90J. Second-generation 
PDE4 inhibitors such as ctkimifast and ronuintlast, however, 
have comparable affinities to HARBS and !,AI<DS and hence 
an improved therapeutic window. Thus, drug development 
is faced with tho challenge of alleviating the jfide-effcct 
profile of PDE4 inhibitors by widening the window between 
efficacy and associated adversities. Identtficatinn of distii^ct 
pharmacological PDE4 forms may demonstrate improved 
therapeutic consequences, as it may b« possible to 
synthesize potent inhibitor^,' of PDE4 with low affinity for 
MAKBS^ which should, theoretically, be less emetic. 
However, this theory has been questioned by some 
invcsrigalors who feel it is too simplisHc and should no 
longer be exploited in comptiund development f44»»|. 

Another strategy involves the devuJopment of subtype- 
specific PDE4 inhibitors. PDE4 has four subtypes: A, B, C 
and D. PDE4B is the predominant PDK4 subtype in 
atonocytes and neutrophils crucial in inflammation 
responses (91,9Z«1. POE4D has a key role in balancing 
reiaxaKon and contraclton in airway smooth muscle for 
maintenance of airway tone [9$*]. Hoih PDE4B and PDE4D 
also have complementary, non-redundant roles in the 
control of neutrophil ftinctkm Experiments with mice 
deficient in the PDE4B or PDJ:4D gene denwnsirate thai 
ernesis is finked to the selective inhibition of P0E4D (95«|. 
PDE4D3 has also been implicatcti in cardiac malfuncHon 
[961 PDE4B"/- mk:e exhibit a pn:>found attenuation ot LfS- 
induced-TNFa release, which provides f^irther rationale for 
exploring pharmacological Inhibition of the enzyme for anli- 
innammalory effects {92*}. Thuf, the developrmsnt of POE4B 



»soform-«ptfl:ific inhibitors could allovtate the skJc effects 
triggered by nonspecific inhibition of PDE4D activity and 
thereby improve therapeutic advantage in inflammatory 
diseases. 

Altemale po.ssibiUti«is to overcoming dt^se-limiting side 
effects associated with PDE4 tnitibition are currently being 
explored. Idolizing drug administration to the site of 
inflnmmatroa as with the infra tracheal/ intranasal route of 
delivery for the treatment of respiratory disorders, is not 
only advantageous for niolecules with low bioavailabilitv, 
but may altio overcome overt side effechi. Novel dual-^ictiori 
based approaches combining the benefits of related 
therapeutic targets could also lower the effective du.<e«i of 
PDE4 inhibitors required to offer clinical benefit and thereby 
dispel unwanted systemic effects. PDE7, another cAMP- 
speclfic PDE enzyme, has also been implicated in 
mflammation and is present in many proinflammatory and 
immune cells I97J. In addition, PDEIC promotes smooth- 
muscle cell proliferation in arterial tissue (98]. Inhibitors 
which tar?;el both PDE4 and PDE7 have demonstrated a 
broad anri-inflBmnialory tfffect in both in vitro and animal 
models of inflammation (99,10(1]. Dual-specificity inhibitors 
which target rDE4 and PDEIC could retard smooth-muscle 
cell proliferation and affect airway remodeliftg which may 
provide an improved rtterapeudc index and better safely 
profile pm»»f. ' 

Conctustons 

Experimental evidence impltcptcs the role of PDE4 in airway 
diseases, particularly thtf PDE4B subtype {92*1 The diversity 
in the regulation of cAMP and cGMP levels may be 
important for various other clinical conditions, which may 
thus benefit from pl^armacological tnhSiition of PDE4. 
PrectinicaJ data suggest that PDE4 inhibitors could be <rf 
clinical benefit to diverse diseases such as ulcerative (Otitis, 
arthritis and neuronal Ittflammation. The protective effects 
of tc^omilasl have been demonstrated in phase IH clinical 
trials for ulcerative colitis as well as phase n clinical trials for 
COfD [821, »nd roOumjlast (39] and rolipram 155] have 
shown efficacy in animal models of induced arthritis. 
MotaWy, the cWnicai efficacy ut POe4 inhibition is more 
concfete for Th2-med»ated respiratory disorders and 
whether this will also benefit patients with Thi -mediated 
disorders remains to be eslabfishcd; however, prfclinical 
evidence suggests that this might well be the case. POFA 
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inhibJtion still requires further clinic.il Jnv'u$(iga(icHi, 
especially when considering the ptissible side effect profiros 
associated with systemic exposunr. Pharntiic^tical 
companies are currently exploring (he clinical bon«?fit of a 
variety of PDK4 inhibitors and the results of these 
investiga lions should reveal the feasibihly of ihesu 
compounds as a 'pfln-unti-lr^ammiitory' lherapeuri£». 
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It was recently demonslrated that scloclive phosphodiesterase t>pc 4 (PL)H4> inhibition suppresses ihc cMntcat maniresiotionil of acute 
expenmcntal autoimmune encephalomyelitis (EAB). an animal motlct of multiple sclcrosw (MS), and mhtbiis the ptodnction of tumor 
necrosis factor-o (INF-oX a paihogenctically central cytotciiw. Since the most cofflmon presentation of MS In ttumans is s 
rdapsjnij-rcniimna course, wc iitvcstigatcd the therapeutic poientiat of PDIv* inhibition in the relapsing- tetnitting EAI-: model of the SJL 
mouse. Admmiivtralton of rolipram, the pwtot>'pic PDe4 inhibtor. icduced the clinical signs of EAE during both the initiaF episode of 
disease and subxeqtiem relap.^s. In parallel, there w« marked reduction of demyeiination and aliso less innammation throughout the 
eenlral nervous system <CNS) of roiipram-treated animals, O^fne expression of proinflammatory cytokines in the CNS was reduced in 
most of the mtipram-tccatcd animak Additional experiments demonstrated that PI>|-4 inhibition acted principally by inhibiiina the 
sccretMn of Thl cytokines, however, the encephalitogcnic potetitfal of myelin basic protein-specific T cells was not impairctl Our 
flndingft^uggest that PDE4 inhibitors at« a promising Qioktnv-dirccicd therapy in chromic demycHnaring disease. © 1997 Elsevier 
•Science B.V. 

Kcy^or^: CyuAine: F-xperimemai autoimmune encephalomyettds: MuWple «;lcn»is; Photphodlesenue type 4; Rolipmm: Tumor necresis factor 



1. iiilruducUon 

In expcrintcntal autoimmune encephalomyeilLts (EAE), 
an animBl model of multiple sclerosis (MS), a number of 
highly jipccific therapies have been developed, based gn 
the central role of the trimolccular complex cti autorcaclive 
T ccU, autoaniigenic peptides and the appropriate MHC> 
product (Martin ei al., 1992a; Wekerlc et al., 1994). fnicr- 
fcrciKe with each partner of this complex, i^uch «t the 
blocking of antigen receptors on autoreactive T cells with 
specific antibodies, leads to a marked suppression of dis- 
ease activity in ii*rcd rodent models (Acha-Orbea et al., 
I9R9), However, the T cell response in ,1 genetically 
hctcrugenemjs human population shows a much greater 
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variety and complexity CMartin ct al.. 1992b; Giegcrich ct 
al., 1992; Ulz el al., 1994). At present, Ihc applicability of 
such immunotherapies lo human disease remains uncertain. 

Profnising new treatment approaches for T ccll-mcdia- 
tcd autoimmune di.seascs are directed against proinflamma- 
tory cytokines. This is based on growing cxperimcnw! 
evidence that tumor neenosiic fuctur-u (TNF-«X ihe closely 
related lytuphotoxin-u- (LT), and tmcrfcran-y (fFN-y) arc 
involved in the development of inflanimafion and lifwuc 
damage (Selmaj and Rainc, 1988; Vassalli. 1992; Rcnno ct 
al., 1995). The trcamtcnt of EAE ami oihcr autoimmune 
models with anti-TNF/LT antibodies or soluble TNF-re- 
ccplors has been shown to be remarkably cffcciive (Ruddle 
ct al., 1990; Selmaj et at.. 1995). Furthermore, wc and 
others showed recently that substances such as rolipram, a 
selective cyclic niiclooiidc phosphodiesterase type 4 
(PDE4) inhibitor, pentoxifylline, a nonspecific PDE in- 
hibitor, or pho^^hattdylserine, a narurat membrane phoss- 
phuttpid, are able to suppress TNK-production in vitro and 
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EAE in vivo (Sommer ei ah, 1995; Gcnain el al., 1995; 
Rott CI a!., 1993; Monujitni cl aL, 1993). Targeiing PDE4 
seems particularly promising, because this isozyme is pre- 
dominantly, though not exclusively, prc^scnt in inflamma- 
tory cells. The potential clinical impact of this approiich 
couid be enormous, becaiuic it lar^u a centra! pathogenic 
process that by-passes complex antigen recepior-speciric 
immunorcgulauiiy mechanisms. 

Our prior study tn the Lewis rat left a number of 
questions unanswered (Sommer ct al.» 1995). First, in that 
model, RAE is characterized by a single episode of dis- 
ease, unlike the relapsing and remitting course seen in the 
SJL mouse F.AG and in human MS; therefore the effects of 
rolipiam on chronic disease could not be assessed. Second, 
the SJL mouse model of EAE has much more demyclina- 
tion upon histologic examination compared with EAE in 
tlw Lewis rat, which again is more reminiscent of MS 
(Manin ct ai.. 1092a). In this study, wc show that iong-icrm 
PDE4 suppression ameliorates cltnicaJ signs and patliolugi- 
cal changes in chronic relapsing EAE in SJL mice, al- 
though autoreactive T cells arc not eliminated fiom ihe 
rolipram-treatcd mice. 



2. Materials and methods 

2.1. Reagents 

Rolipram; raccmatc and enamiomcrs were kindly pro- 
vided by Dr. Helmut Wachiel, Schering AG, Berlin. For io 
viim studies, rolipram was dissolved in a 0.25% s<riution 
of dimcthylsulfoxidersaline <l:IO) and ftirthcr diluted in 
culture medium. For treatment studies, rolipram racematc 
was dissolved in saline and injected intrapcritoneally (i.p.). 

Myelin basic protein (MBP) was prepared from guinea 
pig spinal cords (Rockland. Gilhertsvillc, PA) as previ- 
ously described (Dciblcr el aL. 1972). 

2.2. Mice 

Female SJL/J mice were obtained from The Jackson 
Laboratory (Bar Harbor, ML) and wcrxj 8-12 weeks old 
when used for experiments. All proccAircs were in com- 
pliance with guidelines set by the NIH Animal Carc and 
Use Committee. 

2.3. InductioH af EAE 

EAE wa.s induced accurding u» prcvitmsly published 
protocols (Racke et al., 1991^ Briefly, mice were immu- 
nized with 400 ^g MBP in complete Frcund^s adjuvant. 
Ten days later, MBP-spccific lymph node cells (LMC) 
wej« cultured al 4 x 10* cells per ml in RPMM640 
coniaintng 10% FCS, nonessential amino acids, HEPE$» 
2-memaptoclbaooU glutamine, antibiotics, plus 25 /ig/ml 
MSP for 4 d, GcHs were then washed and injected at 
3x10' in 0.2 ml PBS per mouse i.v. For serial adoptive 



transfer experiments, sjHeen cell suspensions were cultuivd 
and transferred in the same way. 

2.4. Tteaomni schcdttlea and clinical rating 

Mice were treated with I X 6.25 mg/fcg (experiment I) 
or 3 X 6.25 mg/kg (experiment 2) per day rolipram 
(racemate) i.p. in 0.2 ml saline from day 2 after cell 
transfer until the end of the observation period. Control 
animals were injected with saline alone. Clinical signs of 
EAF were ranked on a scale from 0 (healthy} to 5 (tetni- 
paretic) (Racke et al., 1994). A relapse was noted when the 
clinical score worsened by at least one poim for at Ica^n 
two consecutive days. 

2.5. Gene epqftressiijn 

After perfttsion with saline, brain and spina) cord were 
removed and RNA extracicd from whole CNS tissue using 
RNAzol (Cinna/Biotccs, Friendswood, TX). RNA was 
purified and the coupled rcveree transcriptase CRT)- PC R 
performed aa described (Sveiic ct aL, 1991; Racke et al., 
1994). Briefly, RNA samples were reverse transcribed 
with Superscript RT (BRL, Rcickvillc. MD) and cytokine- 
specific primers were used to amplify selected cytokines. 
For each gene product, the optimum number of cycles was 
determined experimcnwlly. To verify that equal amounts 
of RNA were added in each RT-PCR reaction, primers for 
hypoxanthinc phosphoribosyl transferase (HPRT) were 
used in each experiment. Amplified PCR products were 
detected by $4»ithcni blot analysts. 

2.6. N&tnpathalogy 

Animals were perfused with phosphatc-bufrcred 2.5% 
gluuiraldchydc as described (Racke ct al., 1991). Brieny, 
CNS tissue was removed and thin slices were made of all 
levels of the neuraaxis. These were post-fuced in cold !% 
osmium tetroxide for 1 h, dehydmted in ethyl alcohol and 
embedded in cpoxy resin (Epon 812). One micrometer 
epoxy sections of tissue were stained with loluidinc blue 
and examined by light microscopy in a blinded fashion. 

2.7. Ceil culture 

PfoHferattve responses from LNC and spleen cells were 
performed by incubating 8X10^ cells/well in triplicate or 
quadruplicate with or without MBP (12.5-100 Mg/mJ, 
maximum proliferation usually at 25 ^Ag/ml) or Con A (2 
>ig/ml) in 96 well flat-boitom microliter plates (Cottar, 
Cambridge, MA) at 37*C with 5% COj. Cells were pulsed 
with I ltd mcthyl-^Hfthymidinel (Amcrsham, Ariington 
Heights. ID per well for the last 16 h of the euliure period 
and harvested on fiber niters (after a total iiwubaiion time 
of 96 h. if not staled otherwise). Ineorpomtcd radioactivity 
was measured on a Bciaplatc counicr (Walloc» naithctv. 
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Three rcprc«nB»ii¥e ireaimem apcrimemit an; sho»m. Kote ibot trcaimenT m» started on dsjr 2 after induciioA in cxMiimimls 1 and 2. ™tw «. J™ 
V< 0.001. 



burg, MD>. For cytokine detcrtninarion 8 X f 0* lymph 
node cells were cultured in 24 well plates at 2 ml per well 
with or without 25 /xg/ml MBP. After 12, 24. 48 or 96 h, 
cell free supematanis were frozen at -70°C until use. 
Oetcrmination of THF-a and IFN-y was performed by 
commercial ELiSA (Ocnseyinc, Cambridge, MA). Proltfer> 



ation of the CTLL-2 cell line was used ro delect ]L-2 
(Bottomly et a!,. 1991). lL-4 was determirtcd using the 
IL^ dependent CT.4S cell line (Seder el aU, 1 992) and 
was found to be below detection limits throughout. TGF-^ 
was measured by a CCL-64 bioassay (Daniulpour ct al., 
19«9). 




TNF-o 
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MtiP-»pec.fic LNC we« oiitured w.ih MI*P (25 Mg/ml)aml tft* jjiten c«o«n,R,nons of mifpramr open ««a,w« (-) 
rolipnim. A.stcri«te i,wlk-atc .he c>i€*ii,c production witt«,tM roMprain. Kui»b«(« »i itatfcsgivc the rcspecii^-e IC^ vatae. 
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X Resuto 

3 J. Effect ofmiipram on M8P-primed iymph noih celts in 
vitro 

Using two enaniiomers of rolipram, the production of 
the ThJ cyioklnes, IL-2, IFN-y» and TSP-a was suj>- 
pressed in a Btcrcso«cleciivc manner, with (-Wolipram 
being more potenl (Fig. I). In addition, rL-4 and 
were also examined in tlie eel! culture siipemaianl of the 
MBP-spccific LNC, but were only detected in negligible 
amounts and unchanged by roit{»ram (not shown). A much 
higher conuentration of rolipram was required to inhibit T 
cell proiiferaiton than ThI cytokines. Fifty percent inhibi- 
tion of T cell proliferation by the more potenl ( - )-cnanti- 
omcr required 600-1600 nM, whereas for Thl cytokines 
this was achieved by 1 00-400 nM (Fig. I). ViabiMty of 
LNC lesied by i/ypan blue exclusion, was not impaired at 
concentniiions of400nMorIct»or( - >-rolipmm. 

J.J. Effect in vivo atknitrntratian qfmiipram on chnmic 



Administration of roJipram following transfer of MBP- 
primed lymphocytes suppressed the clinical signs of 
chronic-relapsing EAE (Fig. 2, Table 1 ). Injections begin- 
ning two days after the adoptive transfer of cnccphalito> 
genie T cells resulted in tower incidence and signifieanlly 
reduced severity of clinical d!^M^aiic in a dose-dcpendcm 
manner. This effect was apparent during ihc first episode 
of disease and also during subsequent relapses. 

However, it was important lo observe whether rolipram 
would have a treutmeni effect, if administered after the 
signs of EAi: were already cslablished. In experiment 3 
(Fig. 2c, Tabic I) 12 mice wene randomized into two 
groups after the initial attaek and treated lT^>m day 17 post 
iraasfer. With this regimen the mean maximum score of 
the rolipram treated group was also reduced significantly. 

3.3. Hisfopothoiogfc evaiiMtian of rtJipram treated mice 

To examine the effects of mlipram on hislopathology in 
EAE, particularly with regard to its effect on dcmyclina> 
tion. representative mice from experiment 2 (Table I ) wen: 
sacrificed on day 15 post transfer. Mice that received 
vehicle trcaimcnt displayed perivascular infthnticii associ- 
ated wiih demyciinaiioR (Fig. 3a-b, Tabic 2). Some rc- 
mycltnalTun was also evident in the late acute phase of 
EAE, There was a tnarked reduction of dcmycHnation and 
a modest reduction in cejiular infiltration t» the CNS of the 
roHpram-treated animals (Fig. 3c-d. Table 2). Secondary 
WallertaD degcncnuion was mainly found in untreated 
animals, but was very mild in the rolipram-ircatcd group. 
Results fr<w« the loltpram- and the whiclc-ircaicd groups 
are summarized in Table 2, Rcfwcscniativc sections are 
shown in Fig. 3. The decrease in inflammation in the 
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Fig. 2. ft44ipnffl «wppn:i»vs ctBWiic-retapsirtg tlAti. Mean clinical scores 
C±M»i) an: shown for ftciUmem cxperiiticnts i {a\ 2 fb). ana 3 (c). Il« 
liatdied bom gJ*c «c duratkm mA <Jvse of trtuttixiciH. Notu thar in 
Mfxrimem 3 iicnuncM was ytsrtwt during avovcry ftvm the fitsi aituck 
iflcf ramtomizMion v€ ifie Jtniflal^ tttio t»iQ i^upy with nmitar duiicai 
amtse. M««n maxHrnm) !icuri» mtntical evalwittoa of ilw ifitve 
expenmenrs are ihavm m Tshk t. 



rolipram-trcaicd mice was similar to our prior study in the 
Lewis rat (Sornmcr ci al., 19^5). 

J.4. Roiiprani treatment does not deplete MBP-specipc T 
cells 

Spleen cells from various aninrwls in jhe treaimcnl 
experiments were incubated in vitro fw 4 d with 25 
Mg/mJ MBP and then transferred to naive mice. Table 3 
shows, that all animals, including those from the rolipram 
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Fig, 3. Pathology in liAE \v\\h withom roliprain trcalmcnt. KvprawnioUve untmibt &tim trMmuM ««.^;««^r •» . ^ , ^ -. . 
«r«,lmc (see Fig. 2, Table f) wen: i«vgs1ig«tcU on day 15 i»<t RP^IlTll-^ uf^ ocpcrrmcnr 2 ,r«.r«l w.ih 3 daily doses af roHpram 

tljH, cltnicH jyricfe |. A dirferent animal from C with mtiiiniai signs of disease. Note the r 
MiiaH demyelmated tcsJon* (suived arnivv^ dip scultemd myelin ovoid indicative uf Wall 
iUitfncytcs <iargie clear crlis): x350. 
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Summary uf serial transfer experimefiB * 
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* .spleen cells from rolipram treated Riicc can tntnvfb £AI£ as idEeviively 
OS iliuiie from coitttul intcc. Spleen cell single cell suspensions fmm 
■iiimab of wrious imament ip-uups (day ] 4<>do»ur mice had ^wn tnaitcd 
three limes d»ilv, day 2ii-donor inii» once daily) were Imwbated wiih 
MUP (25 MS/">I) lor foto- days and tlicn trut!tl*nvd (3x lO' celts) to 
noh-e mice to test ttwir «ncepkittito^'v potential, OepeRdini un the 
nnmber or sptceti c«ll9 otMained fiom an individu;d dimor mouse, Tram 
one to three mice could be the ivctpjent i^a serial tranvrer uf bptcnucylcii. 
The table imllcaiia; the iwinbcr of nAx ilut develcqied I;AE ftom taOt 
fauUvidiul donor nuwsv 0/3"* 3 mice reonvcd actiwiuid «|>Ienucytes. t 
d KABX 



ircaimcnl jyoup without any neurological defitit, could 
transfer liAE as eflcctucly us cuntrut MBP-spccific 
splcnocytcs. These data dcmoni^inilc chat rolipram does nol 
lead to <fclctt<Mi of cnccphalitogcnic MBP-spccific T cells, 
even after 4 weeks of continuous treatment (Table 3). 



Gene expression of cytokines associated with cnccphali- 
togenicity and tnimune regulation was examined in the 
CNS of ntlqjrttm-tpeated mice from both treatmcni experi- 
ments by RT-PCR. Despite considerable heterogeneity in 
cytokine expression in imllviduaj mice rL-2, TNF-a (ex- 
cept for one outlier) and IFN-'y, was dccreasicd in mosi of 
the rollpram-ircatcd animals (Fig. 4). [L-4 was only de- 
tected at vciy low levels in the animals investigated. 



4. Discussion 

In ihis paper, we extend our previous findingai by 
showing thai cof»Unu<Jus PDt:4 inhibiiion reduces clinical 
signs in a chronic-relapsing model of tAE. The clinical 
course and the histopathologic changes observed in the 
SiL mouse model of EAB used Here resemble those in 
multiple sclerosis. Furthermore, we dcmonKiratc thul re- 
duction of dcmyclination Is a hallmark of PDF:4 inhibition 
(Fig. 3, Tabic 2). In addition, serial transfer experiments 
and CNS cytokine determination in this study provide 
further evidence for the hypothesis that Thl cytokine 
suppression by rolipram is probably important in mcdiat* 
ing its clinical effect. Experiments in the Lewiv<( rat model 
have shown that the in vivo effecl of PDE4 inhibition on 
EAE is clearly stercospecific (N. Sommer^ unpublished). 




IL-2 TNF-a IFN-y IL-4 

I'lg 4. Cytokine ycnc ctprc^sion in ihc CNS, Cytokiiw gene exprc<»tQ4i *^ cvaluaicd hy jmrthmitng Southern blots on RI-ITK cl">NA ffwn RNA 
tsofcuixt fnxii fhc CNS of ivitcicil msec from treittmcnt experiments I or 2 Oreamtcnt once daily - Jnanyks. thfte liiacs daily -cixc Its) eiihcr art days 
t4- 16 (vk>s«l «ymbot*> «r «lays 24-28 (offcfl symbols), V;ilue» arc cxpre»$cd as m'tt* of cytokine si^aJ divided by the ewKiidttively cxpic^Md HPRT, In 
nxtve conirn) mice no L-ytukine Ht^l cuttU be dctrtled. 



Based on the now well csiabHshcd role of TNF-<r in the 
pachogenesis of liAE and MS, a cylokine-dircctcd treat- 
ment approach sccnis reasonable and ai^h'caUe to human 
disease CGcnatn el eiI., 1995; Soromcr trt al., 1995). fndeed, 
T>fF-ncutralizing tivattncni approaches have been Tol- 
lowed with great eflbrt and have rc;u::h^ clinical trials. For 
instance, in rheumatoid anhritts. anti-TNF antibody treat- 
ment using a chimertzed human/mouse momKlonal anti- 
body 1^ :ilready shown promising ivsults (Maini et al.« 
1995), A note of caution must be made to the clinical use 
ormftcromokculcs, such as momxrional antibodies or .solu- 
ble cytokine receptors. Despite their great potential they 
have some typical disadvantages, namely uniavorablc 
l^armacokinetics, parcntcml adminisiralion, and high pro- 
duction c<Kite. Also, long-term adminisirution of roono> 
clonii) antihodtes may not always neutralize the biplogic 
effects of TNF. At low concentration, ihcy may stabilize 
the biologically Active trimeric structure of TNF and pro- 
long its ulTecis (Maini ct al.^ 1995), 

Therefore, novel approaches to idoitify low molecular 
wcigtit inhibitor of cytokine prodwHion have been pur- 
sued intensively. Cyclic AMP has been known to be 
involved in T cell activation for some years (Wang ei al., 
1978i Marcos et al.. 1993). Furthermore, increasing intra- 
cellular cAMP by adenylate cyclase stimulation, pho.^pho- 
dicstenise inhibition, proj^anotds or dibutyryl cAMP are 
known to have tmlf-inflammaiory activity, including TNF- 
inhibition (Scmmler ct al., 1993; Sinha ct a).. 1995). 
Cyclic nuelcolidc phoiiphodicstcrasc (PDE) inhibitors are 
particularly intcr^ting candidates as immunomodulaitng 
drugs, because an increasing number of even more selec- 
tive and potent substances is currently being developed 
CEkavo ct at, 1994). Among the seven POIi tamiltcs the 
PDE4 isozymes have received the greatest aucntion in this 
respect, rnhibition of PDF4 isozymes by rolipram was 
their original defining property, and compared with other 
PDEs, they present the most complex picture concerning 
biochemical pnopenies and tissue dtsthbuiion. Thus far, 
four PDI:4 genes have been identified <PDE4A/B/C/D) 
(Ucavo ct al., 1994). Rolipram is among the most poient 
PDE4 inhibitors described to dale and ha<vlKen extensively 
studied as long term iherapy in patients with depression 
(Wachlcl and Schneider, 1986). It has minor toxicity in 
humans, parriculariy no general imnKmosupprcjuion wzs 
observed: however, scwnc dosc-ltmiting cffccis cons?isied of 
ga.strointesiinaI symptoms, such as nausea atid emcsis 
(Zeilcr et af, 1984). Undoubtedly, ihe ongoing de\'elop- 
ment of new selective PDli4 subtype inhibitors could 
increase tissue .declivity and ettnical potency, while re- 
ducing side-effects. So far, both message and protein for 
PDE4A and PDE4B, but not PDE4C or PDIi4D, have been 
shown to be up-rcgulatcd in human monocytes by activa- 
tion of pttxcin kinase (Toiphy ct al, 1995). 

The precise molecular mechanism of rolipram action is 
not yet clear. Current evidence suggests ilm it inhibtts ihc 
production of proinflammatory cytokines, best shown for 



TNF>« (Prabhafcar el al.. 1994; Oenain et al., 1995; Som- 
mer et al., 1995; and this study). Here, we have shown that 
gene cxprie»iton of several proinflammatory cyUiktnes is 
reduced in the target or^n^ the CNS (Fig. 4). These data 
must be interpreted with caution, since they depend on 
differences in the magnitude and cell types of ihe inflam- 
matory infilirdtcs and do not necessarily rcllect protein 
levels of the respective cytokines. Our data, in accord with 
data ftwm a monkey model of EAE (Genain ct al., 1995) 
and in vitro findings in human monocytes (Prabhakar et 
al., 1994). suggest that rolipttim may act, in part, by 
iniiibiting TNF-a and IL-2 production in vivo. Funhcr- 
more, it is now generally agreed that cell types involved in 
inflammatory processes conlain PDE4 tn rclex'unt quanti- 
ties (Toiphy ct al., 1992), though Jsomc inflammatory cells 
may also contain PDE3. Preliminary data suggest that in 
human MBP-spectfic Thl cells PDe4 is more prevalent 
than P0E3 and correlates welt with cellular activation 
proc^scs (Ukholm et al., unpublished). This study pro- 
vides further support for the concept that PDE4 inhibition 
may be useful as a therapy for diseases mediated by Thl 
cytokines, such as multiple sclerosis. 
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